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WELCOME WORDS

Welcome to the Book of Abstracts of the 6th Energy Transition Research
& Innovation Conference (ETRI 2023)!

The Research Centre for Greenhouse Gas Innovation (RCGI) at the
University of S&o Paulo (USP) extends a warm welcome to all readers.
ETRI 2023, partially sponsored by Shell, was held from the 7th to the 9th
of November 2023 at USP's vibrant Campus Butantad. It showcased
groundbreaking advancements and fostered an environment of
collaboration and innovation.

This year marked a significant milestone as ETRI opened its doors to
academic institutions beyond USP, as well as industry and government
representatives. The enthusiastic response was overwhelming, with 542
attendees—an impressive 116% increase from last year's conference.
Among the participants were 384 RCGI researchers, 58 external
researchers, 25 government officials, 12 industry leaders, and 22
journalists, all contributing to a dynamic and diverse gathering.

The event was structured to maximise engagement and knowledge
exchange, featuring an opening ceremony, four keynote speakers, eight
panels, twenty short oral sessions, and a closing ceremony where we
honoured excellence with the ETRI Excellence Awards. With 52 speakers
and 21 esteemed professors on the Scientific Committee covering nine
thematic tracks, the conference buzzed with insightful discussions and
presentations, all organised into four parallel sessions daily.



We were privileged to host distinguished speakers like Ambassador André
Correa do Lago, Professor Dr Vahan Agopyan, Professor Dr Carlos
Nobre, Plinio Nastari — founder of DATAGRO, Olivier Wambersie —
General Manager of Technology and Innovation at Shell Brasil, and Elbia
Gannoun CEO from Abeeolica, among other notable experts. Their
contributions enriched the conference, providing diverse perspectives and
expertise on the pressing issue of energy transition.

This year's ETRI saw a record number of 226 abstracts, a 35% increase
from 2022, with 22% coming from external participants—a testament to
the growing interest and collaborative spirit in the field of energy transition.
The conference also enjoyed substantial media coverage with more than
60 organic publications and significant engagement on RCGI's social
media platforms, underscoring the broad interest and commitment to
energy innovation from all sectors of society.

We present the culmination of these efforts in the Book of Abstracts of
ETRI 2023. It encapsulates the rich array of research and ideas presented
during the conference's twenty short oral sessions, highlighting the work of
226 dedicated researchers. We are thrilled to share this wealth of
knowledge with you and look forward to continuing this journey of
discovery and innovation together.

Thank you for being a part of this remarkable event. We eagerly anticipate
welcoming you to the next ETRI in 2024!

With warm regards,

) \ o
g .4 \
Kare‘n/ Louise Mascarenhas Julio Rom no Meneghini
Conference Chair Conference Co-chair

C m\x T \

Suani T. Coelho Alberto Fossa
Scientific Committee Chair Scientific Committee Co-chair

Vi
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THEMATIC TRACK

1 - Natural Based Solution (NBS)

This thematic track involves the restoratin of native
vegetation, expansion of integrated agricultural systems
and the restoration of pasture areas. In addition, the track
also considers techniques to restore vegetation, re-
establishing native species. In this way, the soil will
accumulate a high biodiversity of plant substrates that
should stimulate its microbial biomass, resulting in
potential carbon fixation in the soil.

2 - Carbon Capture Utilization and Storage (CCUS)

This thematic track focuses to create value from CO2
emissions through the design of integrated processes for
CO2 capture and conversion. In this concept, CO2 is
considered a valuable chemical building block for fuels and
materials. This track also includes technologies used in
— CO2 storage in geological structures and other types.

3 - Bioenergy with Carbon Capture Use and Storage
(BECCUS)

This thematic track involves technologies or a set of
technologies that associate biomass energy with carbon
capture use and storage, a process always carried out on a
large scale. With this it is possible to sequestre carbon
from the atmophere. Works that present the technologies
and their contribution to building a positive public
perception of BECCUS influencing the design of public
sustainability politicies for the Brazilian energy systems are
included.
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4 - Greenhouse Gas (GHG) Technologies

The Greenhouse Gas (GHG) Programme is dedicated to
study technologies related to Measurement and
quantification of GHG emissions; Mitigation of GHG
emissions, such as, pneumatic machines and devices in
general, Chemical looping combustion and Oxy-fuel
combustion; Adsorption systems for CO2 capturing from
flue gases; Deep eutectic solvents for CO2 capture from flue
gases; and Membranes for CO2 capture from flue gases.

5 - Standardization, Regulation, Social Perception &
Acceptance

This thematic track is related to the development of
documents for climate change, sustainable and
decarbonization fields, such as requirements standards,
specifications and guides, which can be used to consistently
ensure that material, products, processes and sevices are
suitable for its purposes. This track also supports policies to
provide the energy transition and societal engagement,
achieved by the understanding of the social perception and
acceptance of all stakeholders as well as the lay public,
establishing an open dialogue with society. Works and
studies in these areas are key to support technology
transition and implementation.

6 - Environmental, Social & Gender
This track intends to receive papers to discuss
.A environmental impact and social aspects of Energy
Transition including but not limited to gender and justice
issues, energy access and safety, poverty aliviation, women
participation, development of economic activities among
others.

7 - Energy Transition Economics & Carbon Credits
Economic papers of energy transition, including economic
feasibility of renewables and non renewables, as well as how
carbon credits can contribute to Energy Transition feasibility.
What are the challenges and benefits for policies related to
carbon credits, as well as SWOT analysis.

Vil



8 - Energy Management & Saving

This track involves energy management as an opportunity to
enable organizations across all sectors to realize on-going
energy consumiption reducion and related GHG emissions
reduction. This thack includes activities and technologies for
establishment, implementation and maintanance of energy
management systems, monitoring and measuring energy
performance for continual improvment; identifying,
quantifying, verifying, validating and reporting energy
performance improvements; energy security; energy savings
calculations; terminology, competencey and conformity
assessment in this field.

9 - Power & Storage

This thematic track seeks to present innovative and
sustainable solutions focused on the decarbonization of
electrical power systems. It includes but not limited to
aspects such as eco-efficient materials, increased availability
and efficiency of electricity production, optimization of
distributed energy resources and integration with
agriculture, digitalization of eletricity.

Energy Transition
RESEARCH & INNOWVATION
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GENERAL PROGRAMME

TUESDAY, 7 NOVEMBER 2023

8:30 REGISTRATION & WELCOME COFFEE.

9:30 OPENING CEREMONY.

Prof. Dr. Vahan Agopyan - State Secretariat of Science, Tecnology & Innovation.
Prof. Dr. Susana Inés Cordoba de Torresi - Provost for Research at USP.

Mr. Daniel Maia Vieira - Technical Director National Agency for Petroleum, Natural
Gas and Biofuels (ANP).

Dr. Carlos Américo Pacheco - Chief Executive Officer Technical and Administrative,
FAPESP.

Dr. Olivier Wambersie - General Manager R&D and Innovation, Shell.

Prof. Dr. Julio Meneghini - RCGI Scientific Director, University of Sdo Paulo.

Prof. Dr. Karen Louise Mascarenhas - ETRI 2023 Chair Conference.

10:10 KEYNOTE TALK.

Keynote 1: Brazil's Role in the Global Energy Transition.

Chair: MsC. Camila Farias - Industry Vice Director at RCGI & Technology Project
Lead Shell Brasil.

Dr. Olivier Wambersie - General Manager R&D and Innovation, Shell.

11:00 LAUNCH: OTIC - Offshore Technology Innovation Centre (OTIC).
Prof. Dr. Kazuo Nishimura - OTIC Executive & Scientific Director.

11:10 Panel 1: Energy Transition to Combat Climate Change: What Policies
Are Necessary?

Chair: Prof. Dr. Patricia Iglesias - Head of Environment - University of Sdo Paulo.
Prof. Dr. Vahan Agopyan - State Secretariat of Science, Technology and Innovation.
Dr. Marisa Maia de Barros - Undersecretary of Energy and Mining at the
Secretariat of Environment, Infrastructure, and Logistics of the Government of the
State of Sao Paulo.

Dr. Angela Oliveira da Costa - Head of Oil Products and Biofuels Studies
Department, Brazilian Energy Research Office.

Dr. Plinio Nastari - Founder and President at DATAGRO Consulting.

Dr. Fabio Feldman - Fabio Feldman Consultores.

12:30 LUNCH BREAK.

14:00 KEYNOTE 2: Brazilian NDCs: the way forward.

Chair: Prof. Dr. Suani T. Coelho - RCGI - IEE - USP / GBio.

Ambassador André Correa do Lago - Secretary of Climate, Energy and
Environment of the Ministry of Foreign Affairs.



14:50 KEYNOTE 3: How to fight deforestation in the Amazon Forest?
Chair: Prof. Dr. Paulo Artaxo - Physics Institute, USP.
Prof. Dr. Carlos Nobre - Institute of Advanced Studies, USP.

15:40 COFFEE BREAK.

16:00 PANEL 2: How can Technology & Research & Innovation support Energy
Transition?

Chair: Prof. Dr. Julio Meneghini - Executive & Scientific Director RCGI.

Prof. Dr. Anthony Kucernak - Professor of Physical Chemistry in the Department of
Chemistry, Imperial College London.

Prof. Dr. Andre Faaij - Director of Science TNO Energy & Materials Transition &
Professor Energy System Analysis at Copernicus Institute of Sustainable
Development, Utrecht University.

Prof. Dr. Chinnakinda S. Gopinath - Outstanding Scientist - Institute National
Chemical Laboratory, Pune, India.

Prof. Dr. Ana Flavia Nogueira - Full Professor at the Institute of Chemistry at the
University of Campinas (UNICAMP) and Director of the Center for Innovation in New
Energies.

Prof. Dr. Paulo Artaxo - Physics Institute - USP.

MsC. Alexandre Breda - Low-Carbon Technology Manager Shell Brazil.

17:20 SHORT-ORAL SESSION A.

18:30 CLOSING OF THE DAY.

WEDNESDAY, 8 NOVEMBER 2023

8:30 WELCOME.
8:50 OPENING SESSION.

9:00 PANEL 3: Pathways to achieve Net Zero.

Chair: Prof. Dr. Carlos Frederico de Oliveira Graeff - General Coordinator of
Strategic Programs and Infrastructure FAPESP.

Prof. Dr. Carlos Eduardo Cerri - RCGI Director of the Nature Based Solutions (NBS)
Programme.

Prof. Dr. Pedro Vidinha - Assistant Professor USP - Carbon Capture and Utilization
(CCU).
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Prof. Dr. Marcos Buckeridge - RCGI Director of the Bioenergy with Carbon Capture
and Storage (BECCS) Programme.

Prof. Dr. Emilio Nelli Silva - RCGI, Deputy Scientific Director & Director of
Greenhouses Gases (GHG) Programme.

Prof. Dr. Edmilson Moutinho dos Santos - RCGI Director of the Advocacy
Programme.

Prof. Dr. Mauricio Salles - RCGI Director of Power Systems Innovation Hub,
InnovaPower Programme.

10:10 SHORT-ORAL SESSION B.
11:10 COFFEE-BREAK.
11:30 SHORT-ORAL SESSION C.
12:30 LUNCH BREAK.

14:00 PANEL 4: Carbon Credits and Economics as key enablers for the energy
transition.

Chair: Prof. Dr. Virginia Parente - Professor at the Institute of Energy and
Environment, USP.

Prof. Dr. Ariaster Baumgrat Chimeli - Professor at FEA, USP.

Prof. Dr. Gesner Oliveira - Professor at Fundacdo Getulio Vargas (FGV), Coordinator
of the Center for Infrastructure and Environmental Solutions Studies.

Dr. Viviane Romeiro - Director of Climate, Energy and Sustainable Finance -
Conselho Empresarial Brasileiro para o Desenvolvimento Sustentavel - CEBDS.

Dr. Agnes Maria de Aragao da Costa - Director of the Brazilian Electricity Regulatory
Agency (ANEEL).

Prof. Dr. José Roberto Moreira - Senior Professor at the Institute of Energy and
Environment of the University of Sdo Paulo.

15:20 SHORT-ORAL SESSION D.
16:20 COFFEE BREAK.

16:40 PANEL 5: “What is the role of the start-ups in the Energy Transition?”
Chair: Dr. Isabela Morbach - CCS Brasil.
Dr. Alexsandro Kirch - Multiscale.

Dr. Dagoberto Silva - Moftech.

Dr. Deise Nogueira - Quanticum.

Dr. Maité Lippel Gothe - Carbonic.
Prof. Dr. Marcelo Rodrigues - Krilltech.

18:00 CLOSING OF THE DAY.
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THURSDAY, 9 NOVEMBER 2023
8:30 WELCOME.
8:50 OPENING.

9:00 PANEL 6: The Role of Women in Energy Transition aiming to achieve the
Sustainable Development Goals.

Chair: Prof. Dr. Karen L. Mascarenhas - Conference Chair, RCGI USP.

MsC. Camila Farias - Industry Vice Director at RCGI & Technology Project Lead Shell
Brasil.

Dr. Elbia Gannoun - CEO of Brazilian Association of Wind Energy and New
Technologies (ABEEGlica).

Prof. Dr. Suani T. Coelho - RCGI - IEE - USP / GBio.

Prof. Dr. Telma Teixeira Franco - Professor of Bioengineering at University of
Campinas (UNICAMP).

Prof. Dr. Virginia Parente - Professor at the Institute of Energy and Environment -
USP.

10:10 SHORT-ORAL SESSION E.
11:10 COFFEE-BREAK.

11:30 PANEL 7: The evolution of the SDGs in Brazil.

Chair: Prof Dr Arlindo Philippi - Rector’s chief of staff USP.

Mr. Sergio Murilo - Chief of staff at the federal senate

Prof. Dr. Patricia Iglecias - Head of Environment - University of Sdo Paulo.

Prof. Dr. Suani T. Coelho - RCGI - IEE - USP / GBio.

Dr. Tamar Roitman - Executive manager at Associacdo Brasileira de Biogas
(ABiogas).

12:30 LUNCH BREAK.

14:00 SHORT-ORAL SESSION F.

15:00 KEYNOTE 4: From bench to business - innovations in electrochemical
technology for the low carbon energy transition.

Chair: Prof. Dr. Thiago Lopes - RCGI, USP.

Prof. Dr. Nigel Brandon OBE FREng FRS - Dean of the Faculty of Engineering at

Imperial College London.

16:00 COFFEE-BREAK.

Xl



16:20 PANEL 8: Highlights & Challenges of the Brazilian Energy Transition.
Chair: Dr. Alberto Fossa - Co-Chair of the Scientific Committee.

Dr. Pedro Vidinha - Assistant Professor USP - Carbon Capture and Utilization (CCU).

Prof. Dr. Lucy Sant’/Anna - CCUS Thematic Track Leader.

Prof. Dr. Danielle Denny - NBS Thematic Track Leader.

Prof. Dr. Marcos Buckeridge - BECCUS Thematic Track Leader.
Prof. Dr. Renato Picelli - GHG Thematic Track Leader.

Prof. Dr. Karen L. Mascarenhas - Conference Chair, RCGI USP.
Prof. Dr. Suani T. Coelho - EnvGS Thematic Track Leader.

Prof. Dr. Virginia Parente - ETE Thematic Track Leader.

Prof. Dr. Mauricio Salles - PS Thematic Track Leader.

17:20 CEREMONY - ETRI 2023 Excellence Award.

18:00 CLOSING OF THE DAY.

XlvV
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SHORT ORAL SESSION PROGRAMM

TUESDAY, 7 NOVEMBER 2023

0711 - NBS1[TV1] -
NBS Carlos Cerri - Mauricio Cherubin

N o Boche Bl Exploring Metal Organic Frameworks Synthesis:
sRar iz Rotha Baibing A Comparative Analysis of Hydrothermal and

. Mowvel field-based models to monitor carbon
Ana Paula Cervi Ferez
stocks of forest under restoration in
Grazing exclusion: a nature-based solution to
Antonio Yan Viana Lima increase microbial activity in Brazilian desertified
drylands
Bestriz da Silva Vanolli Carbon stock dynamics in short-term integrated
agricultural systems on sandy soils
Status of soil health in agricultural soils in Brazil
Bruna Emanuele Schiebelbein using the Scil Management Assessment
Framework

Bruna Gongalves de Oliveira Distinguishing microbial pathways responsible
Carvalho for n2o emissions in soils under

Mature-Based Solutions (MBS) and the
Catharina Weber Meiva Masulino Integration of Local Communities: A Sustainable

Path for Socio-

Integration crop-livestock-forest systems

Crislany Canuto dos Santos ) . ) o
influence soil ¢ stock in the semi-arid of Ceara

. L Projections of sustainable forest biomass
Daniela Higgin Amaral .
demand as energy source in Mato Grosso

From Vinasse Pollution to Green Resource:

Leticia Beatriz Ueda Melo Microalgae-Assisted Biomolecule Accumulation

and Toxic Compound Removal




SHORT ORAL SESSION PROGRA‘M

TUESDAY, 7 NOVEMBER 2023

0711- CCUS2 [TV2)

CCUS Colombo Tassinari - Renato Gongalves

Fagner Rodrigues Tod3o

Jean Castroda Cruz

Giliandro Farias

Dwowvani Bruno Lima dos
Santos

Adolfo Lopes de Figueredo

Jorge Andrés Mora Vargas

Giovanni Rodrigues Morselli

Gabriel Silveira dos Santos

The Role of M-Doped Carbon Structures in the
Thermocatalytic CO2 Hydrogenation over Co/Si02
Catalysts

Development of catalytic pathways for CO2
transformation into chemicals and materials

A combined DFT and machine learning study to
understand catalyst and solvent effects on the
conversion of CO2 into ethanol

Exploring the Impact of Various Supports on K-
Promoted Molybdenum-Based Catalysts for CO2
Hydrogenation Reaction

Tuning catalytic hydrogenation of fumaric acid with
supercritical CO2 for GBL and THF production

Synthesis of New Polyurethanes from Biomass-
derived Monomers

Interactions between CO2 and superbase in ionic
liquids probed by vibrational spectroscopy

Development of new deep eutectic solvents from
low molecular mass hyperbranched
polyglycerolsassociated with superbase for carbon
dioxide absorption.



SHORT ORAL SESSION PROGRAMM

TUESDAY, 7 NOVEMBER 2023

0711 - PS8 [TV3] -—

CCUS Colombo Tassinari - Renato Gongalves

Optimization Methodology for Local Control for
Efficient Integration of Distributed Energy
Resources - PS156

Kalisye Rodrigues Gilini

Development of a Tyvpe |l generator model for
Lucas Santos Figueiredo electrical resonance studies in wind farms -
PS150

Optimizing PEM Fuel Cell Performance with a

Luis Fernando Nogueira de 53
HIsFEandoNOBUSIade =8 b o ido-3D Approach - PS151

Methodologies for Resonance Analysis in Power

Luiza Buscariolli
Hies Busearon Systems with Wind Generation - PS152

Utilizing MnO2 Nanowires as Cathodes in
Maria Paula de Souza Rodrigues Sodium-lon Batteries Employing Water-in-Salt
Electrolytes - PS153

Fault location of onshore wind farm collector
Mario Oleskovicz network based on artificial intelligence and drone
supervision {“faultAlfinder”) - P5154

Strategic route for CO2 transportation in the
state of Rio de Janeiro - P5155

Marilin Mariano dos Santos

Long-term offshore systems based on large
Marilin Mariano dos Santos floating structures: Challenges and Opportunities
for Brazil - PS1%2

A survey of subsea equipment for offshore
Isabela Corréa Hillal O
transmission systems - P51923

Simulation of Power Inverters and Controls in
Grid-Connected Wind Systems - P5194

Helena Marques Almeida Silva

Methods for analysis and mitigation of resonances
in DER-rich distribution systems - P5195

Giancarlo Carvalho Prezotto




SHORT ORAL SESSION PROGRAMM

TUESDAY, 7 NOVEMBER 2023

0711 - GHG4 [TV4)

GHG Emilio Silva - Luis Fernando Sa

Anderson Soares da Costa
Azevédo

Andre Dantas Freire

Ben-hur Martins Portella

Carlos Eduardo Lino

Daniela Andrade Damasceno

Diego Hayashi Alonso

Eduardo Moscatelli de Souza

Enrigue Vilarrasa Garcia

Jeann César Rodrigues de
Aradjo

Francisco Hélio Alencar Oliveira

the topology optimization of CO2 labyrinth seal
design considering forward and backward
incompressible laminar fluid flow regime

Numerical prediction of erosion in labyrinth seals:
A Lifespan approach

Numerical modeling of sources and sinks of
greenhouse gases in the Amazon during the
CAFE-Brazil experiment

Topology Optimization Method Applied to the
Design of Radial Compressors Considering
Turbulent Real Gas Flow Through Fluid-Structure
Interaction and Mechanical Fatigue Analysis

Computational Design of Nanostructures and
MNanofluidic Systems by Coupling Molecular
Simulations with Topology Optimization

Rotating resonance under low density flow for
machine rotor topology optimization

Desizn of stepped labyrinth seals by topology

optimization

Influence of the 502 adsorption on CO2 capture
from flue gas using 13X zeolite

Synthesis and characterisation of nanomaterials
for application in nanofiltration membranes and
recovery of lithium from produced water -
ETE120

GHG reduction through Topology Optimization
and Additive Manufacturing



SHORT ORAL SESSI
WEDNESDAY, 8 NOVEMBER 2023

0811 - SRS5 [TV1)

SRS Edmilson Moutinho dos Santos - Sigmar Malvezzi

Allan Yu lwama

Guilherme Porfirio Baccari 08/11

Gustavo Chagas de Morais

Ricardo Pagio Betini 08/11

Miguel Vera Moreno

Nelber Ximenes Melo

Bruna Eloy de Amorim 08/11

Eduardo Guedes Pereira

Giovana Ribeiro Turquetti 08/11

Karen Mascarenhas

Ecosystem-based management as an
approach to assessing the social-
environmental impacts of offshore wind
energy - SR5107

Risk perception associated with Carbon
Capture and Storage technology in Brazil: a
comparison between experts and non-
experts - SES102

Molecularium: Immersive Experiences for
Scientific Dissemination - SRS5103

How can personality influence perception
and behavior towards climate change? &n
exploratory study - SRES104

A Citizen Science Approach to improving
public perception of low-carbon society: A
Sentiment Analysis - SR5105

A Philosophical Framework for Sustainable
Energy Planning - SR5104&

Congress and Energy Transition: How the
interests of the oil and gas sector are
represented in the Brazilian Legislative -
SR5202

CCLU5: Legal Developments, Policies and
Challenges - 5R5203

Analysing “0 Estado de 530 Paulo's”
perspective on Bioenergy & BECCS -
SRS204

Social Perception and Science Diplomacy

on technology transitions towards a low
carbon society - SRS205




SHORT ORAL SESSION PROGRA!
WEDNESDAY, 8 NOVEMBER 2023

0811- BECCUS3 [TV2)

BECCUS Hamilton Varela - Marcos Buckeridge

Brazilian Regulation On Beccs: Gaps,

Andrieza de Aquino Eslabso References And Relevance

Hormonal signaling network can contribute
Leandro Francisco de Oliveira to design strategies to improve sugarcane
growth and yield

Electrochemical conversion of COZ2 into

Dawany Dionisio

oxalate with negative carbon footprint

. Fingerprinting agro-industrial wastes: a
Débora Pagliuso . ) )
promise for biomaterials
CO2 geological storage in the Parana Basin,
) Brazil: an integrated assessment of
Haline Rocha .
unconventional

reservoirs and caprocks

C02 adsorption on representative feldspar
Jessica Santos Rego mineral surfaces by first-principles
calculations

Jodo Vicotr Vilela Cassiano Water confined by silica Slits

The feasibility of carbon capture
Sabrina Domingues Miranda technologies in wastewater treatment
plants in Brazil

Development of CRISPR-based gene
Vitor Eavaretto Pinoti Edl’llill'lg tools and |j:1ent|ﬁcat|0n of t.'nerhllcu:le
resistance endowing target mutations in

Sugarcane

Energy generation in microbial fuel cell in

the treatment of vinasse, removal of
Verena Mandorino Kaminagakura .

organic matter and

nitrogen

High power density Solid Oxide Fuel Cells

Pedro Henrigue de Britto Costa on the temperature range of 400-700 0C,

an overview - ETE189



SHORT ORAL SESSION PROGRAMM

WEDNESDAY, 8 NOVEMBER 2023

0811 - CCUSS7 [TV3] -

CCUS Lucy Gomes Sant Anna - Renato Gongalves

Conversion of CO2 into biopolymers by the
regulation of polyhydroxyalkanoate (PHA)

Dielle Pierotti Procopio biosynthetic pathway using the
phaotosynthetic cyanobacteria Synechocystis
sp.

CO2 hydrogenation to higher alcohols using
K-promoted Cu-Fe/UIO-66 catalysts

Gabriel Liscia Catuzo

Surface modification of copper electrodes for
electrochemical CO2 reduction

Antonio Carlos Roveda Junior 175

Micractinium sp., mangroves, and
Bruna Bacaro Borrego 176 biorefineries: A sustainable trio for third-
generation ethanol

Development of a microfluidic device {rock
Aluizio Joss Salvador 177 on a chip) compatible with synchrotron
HIEI0 JosE saader technigues far in-situ monitoring of CO2

storage by rocks

Geochemical Modeling OFf Alteration In Pre-

Matalia Lima Vergilio Salt Carbonate Reservoir Rocks In Response

To Co2 Injection

Stability of turbulent cooy-methane flames in
Paulo Henrique dos Santos Santana  an internal recirculation combustion
chamber

A spectroscopic study of Superbase-based

Pedro Henrique de Paula Sabanay )
Deep Eutectic Solvents for CO2 Capture

Contributions to the lifetime widening of

lago William Zapelini . .
£5M-5 zeplites inthe ETH reaction - ETE191




SHORT ORAL SESS

WEDNESDAY, 8 NOVEMBER 2023

0811 - PS10 [TV3)

PS Mauricio Salles - Renato Monaro

Beethoven Narviez-Romo

Felipe Moreira Sallazar

Gabriel de Castro Biage

Giovani Giulio Tristdo Thibes Vieira

Guilherme Broslavschi Pereira da Silva

Guilherme Fidelis Peixer

Joelma Perez

Julio Cesar Camilo Albornoz Diaz

Leandro Oliveira Martins

Luis Felipe Normandia Lourengo

Maria Laura Viana Bastos

Carbon Emission Reductions In The
University Of Sao Paulo’s Transportation -
Ps196

UaV-Assisted Fault Detection in Electrical
Distribution Systems: Computational
Simulation - PS157

Cable Parameter Calculation Through the
Finite Element Method - P51538

Flexible Solutions to increase the hosting
capacity of distributed energy resources -
P5159

Analyze of the impact of distributed
generation capacity for voltage and reactive
support in distribution system - P51&0

Performance Assessment of Commercial
and Innovative Technologies for Hydrogen
Liguefaction - P5197

Efficient Llse Of Ethanol For Producing
Hydrogen And Electricity - Ps193

Influence of NiO content on the
Morphological and Electrical Properties of
GDC-NiO - P5199

Optimized RED allocation to increase
distributed renewable generation hosting
capacity - P5141

Investigation of offshore transmission
technologies on the Brazilian coast applied
in oil and gas exploration and (...) - P51&82

Automated Circuit Construction for
Resonance Analysis in Distributed Energy
Resource Integration - P5143
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Geovanna Paulino Pereira

Guilherme de Aquino Fernandes
Sousa

Ricardo Bastos Calabrese

Thalles Mareira de Oliveira

Vanessa Pecora Garcilasso

A Machine Learning Force Field for Boric
Acid and Water - EnvSG108

Addressing Cumulative Impact Assessment
into the planning and developrent of
offshore wind farms {...) - EnvSG109

Assessment of the environmental and social
impact of offshore wind energy {"EnvSoOff™)
-EnvsG117

Municipal Solid Waste Potential for
Hvdrogen Production in the Sao Paulo State
-EnvSG110

Adsorption study of H3BO3 in graphene: a
computational approach - Env5G111

Potential for electricity generation from
sustainable forest management residues in
Brazilian isolated systems - EnvSG112

Winds of the Future: Multidimensional
Assessment of Socio-Environmental Impacts
in Offshore Wind Farms - Env5G113

How far has the low-carbon energy
transition contributed to energy poverty
and social exclusion? - Enva(114

Integration Of Photovoltaic Energy In Urban
Planning - Promoting resilience and
decarbonization [...) - EnwSG115

Optimization study of blue hydrogen

distribution as an alternative fuel to diesel in
the State of S3o Paulo - EnvSG1146

Life Cycle Assessment (LCA) evaluation of
the uses of vinasse produced in the Brazilian
sugar sector - Env5G118
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Diego Silva Siqueira
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Henrique Medeiros Vignati

José lgor Almeida Castro

Laudelino Vieira da Mota Meto

Daniel Aquino de Borda

Leticia Oliveira Bispo Cardoso

Soil carbon storage in Brazilian drylands:
status, opportunities and challenges

Soil Aggregates and Soil Organic Carbon as
Quality Indicators in Crop-Livestock- Forest
Integration Systems in The Brazilian Semi-
Arid Region

Soil regeneration as a climate strategy and
regenerative agriculture

Brazilian regulation on Nature-Based
Solutions: relevance, references and gaps.

Nanotechnology for hydroponic
applications: Development of Metal-organic
frameworks (MOFs) for nutrient releasing

Two worlds, One Goal: A comparative
Analysis of Nature-Based Solutions (NBS)
from the Qil Sector and the Global
perspective

Effects of improved pasture and integrated
systemas on soil carbon sequestration in
Brasil

Soil aggregates and carbon sycling in maize-
forage intercropped systems fertilized with
nitrogen

Impact of Converting Pasture Areas into
Sustainable Agriculture on Soil Organic
Matter Dynamics

Comparison of microalgal and
cyanobacterial hydrolysate for 3G
bioethano! production
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Saulo de Tarso Alves dos Passos

Sergio Brochsztain

Tamara Ramalho Mignoli

WVinicio Simizu

Vinicius da Costa Santos

Artificial photosynthesis reactions exploring
mesoscale 3D printed reactors

Cu-loaded Fe2TiO5 catalysts on CO2
reduction

Evaluation of catalysts derived from MgFe-
pyroaurite structure impregnated with
potassium in the hydrogenation of CO2

Enhancing Carbonate Formation in Basalts
of the Serra Geral Formation

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

Scale-up study of a pressurized reactor for
converting CO2 to methanol

Tailoring Pd and Fe Catalysts for Ethanol
Synthesis in CO2 Hydrogenation

Synthesis of ammonium perrhenate
supported catalyst
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Smart and Sustainable Electric Vehicle Fast

Marcel Augusto Alvarenga Viezas
c sEIEE Charging Station - P51.39

Parametric study of an ethanol-based solid

Matheus Batista Cordeiro de Souza axida fuel call - PS140

Cost Modelling of LEAC Transformers:
Insights and Implications - P5141

Muhammad Zubair

Themes and perspectives in Agri-PV
o ) research: a global bibliometric analysis
Rafael Braghieri Menillo o .
showcasing its relevance and importance to

energy transition - P5142

Li+/Ma+ Separation on Production Water

Rafael dos 5antos Domingues ) )
using 20D Materials - P5143

Real time monitoring of submarine
Rooney Ribeirc Albuquerque Coslho  transmission systems in offshore

applications - P5144

Wind turbine diagnostics based on current

Sergio Luciano Avila . .
signatures: a review - P5145

SOFC - The future of Ethanol in the

Thiago de Melo A t
SE0 S SO ASHEte Transport sector - P5146

. . Python Tool for Cost and Loss Analysis in
Winicius Soares de Mello Cergueira

Offshore Energy Transmission - 'S147

Processing of ceria-based oxides for use as

Washington Santa Rosa
electrolyte in a solid oxide fuel cell - P5148

Algorithm for Fault location of onshore
wind farm collector network based on
artificial intelligence (“faultAlfinder”) -
P5149

Yuri Dionisio de Souza
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Danielle Mendes Thame Denny 2

Mara Regina Moitinho

Marcelo Laranjeira Pimentel

Marcio José Teixeira

Melida del Pilar Anzola Rojas

Victaria Santos Souza

Wanderlei Bieluczyk

Danielle Mendes Thame Deny

Dener Oliveira

Jodo Luis Munes Carvalho

Status of scil health in agricultural soils in
Brazil using the Soil Management
Assessment Framework

Mature-based solutions: Sustainable
development of Latin America

Spectral signature of synthetic Fe-rich

nanoparticle in an agricultural soil

Integrated crop-livestock systems and well-
managed pasture promote biological
activity, ageregates stability and the
increase of soil organic carbon in southern
Amazon, Brazil

Deforestation Patterns Evolution of the
Amazon Basin from 1985 to 2021

Potential of Hydrogen Production in Aa
Microbial Electrolysis Cell From Sugarcane
Vinnasse

Nature based solution: cover crops in the
Cerrado and their role in greenhouse gas
emissions and soil carbon distribution

On-field measurements of greenhouse gas
fluxes in Brazilian low-carbon agriculture: a

meta-analysis and critical insights

Connecting carbon farming in Brazil and its
implications for food (in)security in Africa

Make the data available: an analysis of the
s0il C research for the Brazilian Cerrado

Land use intensification as a strategy to
increase soil carbon storage and
stabilization in tropical conditions
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Antfnio Carlos Bastos de Godol

Beatriz Aline Riga Rocha

Dermetric Cornilios £achariadis

Carlos Andre Persiani Filho

Eduardo Coelho Marques da Costa

Emanuel Percinio Gongalves de
Oliveira

Enrique Adalberto Paredes Salazar

Fatima Eduarda do Mascimento
Morais

Felipe Berto Ometto

Giancarlo Carvalho Prezotto

Cyber Defense System for Smart Grid
Communications - P5130

Investigation of Ni and Cu doping effects on
the sintering and proton conducting behavior
of BaZr0.7Ce0.2Y0.103-0 - PS131

Wind potential improvement through the
study and mitigation of generation deviations
and failures - P5132

Usv-Assisted Fault Detection in Electrical
Distribution Systems - P5133

Parameter estimation of power transmission
systems by using least sguare methods and
optimum filtering theory - P5134

Methodology for Obtaining an Intelligent
Tool for Classifying Faults in Overhead and
Underground Distribution Lines with High
Penetration of Wind Sources Interfaced by
Inverters - P5135

Understanding Electrocatalytic Reactions

trough Microkinetic Modeling Approaches -
PS136

Methods for the analysis of resonance in
distribution systems with high DER
penetration - P5137

Catalysts for hydrogen production in
ethanol-fed 5OEC systems - P5138

Methods for analysis and mitigation of
resonances inwind farms - P5201
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Andressa Mota Lima 170

Eryan Alberto Laura Larico 171

Alberto Riera J

Alvaro David Torrez Baptista

Lais Reis Borges

Lazara Hernandez Ferrer

Particle resolved CFD simulations of fixed
bed reactors in co2 hydrogenation

Engineering porous materials MOFs-Based
- Technological Applications and Dynamic
Crystals

Assessment of Mon-Aqueous Electrolytes
for CO2 Electro-reduction via updated
Walden Plot

Development of a technical catalyst for the
conmversion of CO2 into methanol

Lattice Boltzmann methods applied to the
solution of Digital Rock problems

Geochemical CO2-basaltic rocks
interactions: a first principles approach

Evaluation of intrinsic catalytic activity of

rhenium catalysts at CO2 hydrogenation in

a fixed bed reactor during a scale-up process

MH3 Production via N2 electroreduction in
Water-in-5alt Electrobyte with a MOF
Catalyst
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GHG Renato Picelli - Fernando Sacomano

Modeling of Temperature-Swing Adsorption

Enzo Sampronha . L
in Fluidized Bed Systems for CO2 Capture

Experimental investigations of Brazilian
. . oxxygen carriers for the chemical looping
Caroline 5Silva Matos .
combustion

technology: from micro- to macroscale

Labyrinth Diode Designed by Topology
L N B S Ribet Optimization of Binary Structures using
Hess EVES BIEsS soares RREre Laminar Flow and Real Gas Properties with

Experimental Validation

Solid Oxide Fuel Cell {(SOFC) channel design

Juliano Fagundes Gongal
Hilano Fagtndes Loncalves using the Topology Optimization Method

Digital Transformation Process Based on
. Automation and Data Service: a case study
Marcel Augusto Alvarenga Viegas . L
in sustainability

projects

Use of Automated Low-Cost Sensors for
Methane (Ch4) Emissions Monitoring

Thaomas C. Miranda

Topology optimization of Turbulent 2D swirl
Fluid-Structure Interaction Problems
Lucas O. Siqueira Applied to Labyrinth
Seals Design Considering Matural
Frequency Constraints
Lucas Ramos Deliberali Barbosa Decarbonization IC:I.D|IEIE.5 in the industrial
sector: a systematic review
Optimization of a continuous temperature
. . swing adsorption system for gases
Yuri Souza Beleli . .
originated from biomass

combustion
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Felipe Nasser Armond

Green and Yellow Hydrogen: from the
federal fiscal war to global value chains -
ETE119

Methodology Proposal for Control Point

Surveys: Considerations in the Context of

Remote Forest Monitoring with Emphasis
on Carbon Stock - ETE120

Carbon Footprint Reduction through the
Replacement of LPG with Biodigesters: A
Case Study - ETE121

Economic viability of hydrogen - ETE122

Business Maodels for the Brazilian Matural
Gas Market in Times of Energy Transition
and Mational Deregulation - ETE123

Mew Technologies for Cars - Costs,
Impacts and Advantages - ETE101

How much would the energy transition
cost for steel and cement industries in
Brazil? - ETE124

The Crucial Role of Energy Storage
Technologies in the Global Energy
Transition - ETE125
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Mechanistic insights of the plasmon-
enhanced CO2 reduction reaction

Leonardo Domenico De Angelis

Screening of lonic Liguids for CO2RR using
Lorenzo Kesikowski Follador

Maolecular Drynamics

Utilizing Microalgae for Sustainable
Louise Hase Gracioso Biorefinery: A Path to Carbon Mitigation

and Bioeconomic Prosperity

Effect of the catalyst copper loading on the
Luana do Nascimento Rocha de Paula  ethanol production in the CO2
hydrogenation over Cu-UiO-&7

Synthesis and Characterization of CuFefn-
Lucas Rodrigues da Silva based Materials as Catalysts for CO2
Hydrogenation

Scale up of a ReOx/TiO2 catalyst for the

Maité Lippel Gothe )
CO2 hydrogenation to methanol

Controlling the Role of Water with lonic

Primaggio Silva Mantovi
rimaggio silva Mantovi Liquids in CO2RR Aiming C2+ Products

Green Hydrogen Production via

Renato Vitalino Gongalves Photolelectro)catalysis: BiVO4 as case of

study
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Dindara Sliva Galvs Future literacy towards climate changes
e e using theater of the oppressed - SR5205

CCUS standardization mapping - The
Cwlon Liaw steps towards this strategic tool -
SR5206

Geospatial Analysis and Clustering of
Green Hydrogen Production and

Celso da Silveira Cachola Consumption for Greenhouse Gas
Emission Mitigation: A Case Study of
Brazil - SRS5207

Science Diplomacy and the Sustainable
André dos Santos Alonso Pereira Development Goals: How RCGI may use it
- SRS208

Standardization of Carbon Dioxide
Capture, Transportation, Utilization and
Storage (CCUS) - Recent developments
at ABNT and 150 - SR520%

Alberto J. Fossa

Brazilian climate targets and the analysis
of their alignment with Nationally
Determined Contributions (NDCs) -
SR5211

Maxiane Cardoso

GHG mitigation through energy

Alexandre de Barros Gallo management - Current standardization
approaches - SRS212
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Development of labyrinth seal applied to
neumatic machines using the concept of
Glycon Pena de Souza Barros p . ) e .
intelligent materials
to minimize leakage
Compressor's Impeller Designs: Topology

Rémulo Luz Cortez
Optimization for Resonance Mitigation

Multi-objective function topology

Shahin Ranjb deh
anin ranjbarzade optimization design of labyrinth seal

Gas-like behavior constraint for s-CO2

Elay Esteves Gasparin
v . Compression Train Optimization

Topology optimization method applied to
Alberto Lemos Duran the design of compressor impellers for
supercritical CO2

Soil carbon stocks dynamics during
José Guedes Fernandes Meto tropical forest restoration in Atlantic
Forest
. Large eddy simulation of a dimethyl
Jonatan Ismael Eisermann
ether turbulent jet diffusion flame
Integer Variable Topology Optimization
Jodo Baptista Dias Moreira applied to Full Waveform Inversion for
salt reconstruction

Topology optimisation of a rotor

lcaro Amorim de Carvalho subjected to a transient and

compressible fluid flow

Li separation from production water

Teresa Duarte L
Sress LuEre Lanne using ZIF-67 - ETE188
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Solar energy and GHG: a Data Science case
study in the Manaus-Parintins Axle -
EmS124

Assessment of Biomethane Potential for
Urban Agriculture - EMS127

Enhancing Predictive Maintenance and
Diagnostic Techniques for Stator Fault
Detection Using Mathematical Models and
Python Simulations - EM51238

Using Artificial Intelligence for Image
Analysis in Monitoring the Condition of
Wind Generator Blades - EM5129
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Enabling ethanol electro-oxidation in
) seawater-like electrolytes for energy
Thiago Vasconcelos de Barros Ferraz .
conversion and CO2

mitigation

Stainless Steel as Catalyst for Ethanol

Paulz Bari P i
AHls Bariens Ferron Oxidation Reaction

The electro-oxidation of ethanol under
Maiza Vilas Boas oscillatory regime on platinum-tin
electrodes

Study of Ethanol Electrooxidation in
Murilo Gomes de Oliveira Oscillatory Begime for Gaining
Mechanistic Insights.

Perspectives of BECCUS technologies in

Marilin Mariano dos Santos .
Brazilian sugarcane sector

Hormonal signaling network can
Leandro Francisco de Oliveira contribute to design strategies to
improve sugarcane growth and vield

Lignin Oxidation on CuO:
André Henrigue Baraldi Doruado

(Electro)chemical Approaches

Computational Engineering Approaches
Gustavo Charles Peixoto de Oliveira for Geologic Carbon Storage Site

Qualification in the Brazilian

Carbon Capture Utilization and
Sequestration in Basaltic Rocks from the

Gabriel Godinho Capistrano Serra Geral Formation: A Petrographic
Characterization Before and after the
Co2 Injection

Solvent-Free Hydrogenation of Succinic
Acid into Tetrahydrofuran

Carolina 5 Costa
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GHG emissions in wastewater treatment
plants: nitrous cxide and the importance
of data collection and monitoring

Design of smart labyrinth seals for
mitigation of GHG emissions in
prneumatic machines

Design of smart labyrinth seals for
mitigation of GHG emissions in
pneumatic machines (compressors and
turbines)

Efficient Turbulent Fluid-5Structure
Topology Optimization with Smooth
Boundaries Using Sequential Integer
Linear Programming

Wirtual Analysis Tools for Enhancing
Residence Time and Bubble
Characteristics in Fluidized Beds

Design Optimization and Experimental

Analysis of Supercritical CO2 Centrifugal
Compressors—- GHG2013

Metamodel-Assisted Structural Design
Optimization of CO2 Centrifugal
Compressor - CCUS215

Experimental setup for testing
supercritical CO2 centrifugal
compressors - GHG2014
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Creating an offshore CCS HUB: challenges
and opportunities

Mariana Ciotta

Design Methodology for Gas-Ligquid
Marielle de Oliveira Separators in Methanol Production from
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The Importance of Reservoir Rocks and
Fluids Characterization for Ccs Projects: An
Experimental Study With Brazilian Rocks
and Fluids

Dianiela Costa 178

Evaluation of the influence of the use of
. . different amino acids and superbases in the
Diego Miranda de Souza Costa 179 . .
preparation of deep eutectic solvents for

CO2 capture

Potential of Clay Minerals for CO2 Capture
Aleksandro Kirch 180 and Storage: Advances from an Atomistic

Perspective

Challenges to evaluate CO2 storage

Allan Cavalari Telles Ferreira 181
S -svalarnt Teles Perrelrs potential in Saline Aquifers in Brazil

Studying the kinetics of CO2

Jose Mateo Martinez Saavedra hydrogenation into methanol over

commercial copper-based catalysts

Fine-tuning of electrocatalyst/electrolyte
Leandro Augusto Fausting interface for efficient reduction of CO2 and
N2 towards added-value chemicals
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Alisson Luiz Rocha Balbino
Universidade de S&o Paulo

Abstract Title: Exploring Metal Organic Frameworks Synthesis: A Comparative Analysis of
Hydrothermal and Mechanochemical Methods

Authors' Names & Affiliation Institutions of all authors (in order for publication): Alisson
Luiz Rocha Balbino (1Q/ USP), Giovanna Pereira Correia (1Q/ USP), Priscilla J Zambiazi (1Q/
USP), Dagoberto O Silva (MofTech), Liane Rossi (1Q/ USP).

Abstract: Metal-organic frameworks (MOFs) are crystalline and porous materials formed by
the combination of metal centres and organic ligands, gaining prominence in research and
practical applications. The flexibility of synthesis conditions affects the morphology,
crystallinity, and surface area of MOFs. Conventional methods include solvothermal and
hydrothermal approaches. Mechanochemistry, which utilizes mechanical energy to break and
form bonds, emerges as a promising alternative, saving solvents and being environmentally
friendly. The increasing demand for scalable MOFs makes mechanochemistry attractive,
allowing for consistent and efficient production. OPA-MOF, with its role in controlled nutrient
release in soil, exemplifies its utility. Studies demonstrate that mechanochemical synthesis
significantly reduces the use of reagents, benefiting the environment and the economy. By
comparing it to hydrothermal synthesis, this research seeks to determine whether
mechanochemistry can produce MOFs equal or superior in structural and functional properties,
laying the groundwork for future applications.

Keywords: MOFs, Mechanochemistry, CO2, nutrients delivery.

Introductions and objectives: MOFs are crystalline and porous materials formed by the
combination of a metal centre with organic ligands. They represent a remarkable class of
materials that have garnered increasing attention in scientific research and practical
applications. The versatility in the choice of organic ligands and the metal centre gives MOFs
the ability to precisely tailor their properties. Due to their flexibility, synthesis conditions play
a crucial role in determining characteristics such as morphology, crystallinity, and surface area
of MOFs. In the solvothermal method, an organic solvent is used, and the reaction occurs in a
sealed container at high temperature and pressure, promoting the self-organization and
crystallization of MOFs. In the hydrothermal method, the reaction takes place in an aqueous
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environment with water as the solvent. In addition to these more traditional synthesis methods,
mechanochemistry emerges as a promising technique for MOF synthesis, paving the way for a
more efficient and sustainable approach. This synthesis method relies on the application of
mechanical energy to induce the breaking and formation of chemical bonds, resulting from the
high pressure and increased temperature generated by friction. One of the primary advantages
of mechanochemistry in MOF synthesis is solvent economy. The absence of solvents makes
this process more environmentally friendly, reducing the carbon footprint associated with large-
scale production. Anstoetz et al.(2015) described the use of a MOF composed of Fe(I11/11) SBUs
and phosphate coordinated to oxalate ligands in constructing a 3D porous network containing
NH4+ in its pores, resulting in the compound known as OPA-MOF.This porous material is
strategically developed to play a crucial role in the controlled release of nutrients into the soil,
such as N and P. They also investigated nutrient release performance and the degradation
process, revealing that the deterioration of the OPA-MOF structure controlled the gradual
release of NH4 and improved soil ecosystem characteristics. The work of Yaxiao et al. (2021)
explored the mechanochemical synthesis of this material, demonstrating the feasibility of
producing the same MOF with significantly fewer reagents,such as up to a 60% reduction in
the use of P sources. This savings benefits not only the environment but also has notable
economic implications, highlighting the potential for more sustainable and efficient practices
in MOF synthesis. The objective of this study is to establish a comprehensive comparison
between mechanochemical synthesis and the conventional process of obtaining OPA-MOF, as
reported in the literature through the hydrothermal route. The underlying motivation for this
analysis is to determine if mechanochemical synthesis can result in a comparable or even
superior material to the MOF produced by the traditional route.

Methodology: The adopted methodology involved the synthesis of the material through both
the hydrothermal and mechanochemical routes. The yield was assessed, and the synthesized
materials were analysed using spectroscopic techniques, including infrared, Raman, and
Mdossbauer spectroscopy, along with scanning electron microscopy and X-ray diffraction.
Additionally, the surface area and pore volume were characterized using BET (Brunauer—
Emmett-Teller) analysis.

Preliminary results: It was possible to synthesize OPA-MOF using both synthesis routes, and
the obtained results were in accordance with what is reported in the literature. This confirmation
was achieved through the techniques detailed in the methodology. Additionally, the synthesis
yield was consistent with expectations. It was possible to synthesize OPA-MOF through both
synthesis routes, and the results obtained were in accordance with what is reported in the
literature. This confirmation was achieved through the techniques detailed in the methodology.
Furthermore, the synthesis yield was consistent with expectations. It is worth noting that the
production of the MOF under hydrothermal conditions yields a mass yield of approximately
30%, due to non-reusable residues such as chlorides and phosphates, resulting in a higher
synthesis cost compared to that obtained via mechanochemistry. However, the material
obtained through mechanochemistry has a chemical yield of 30%, but the mass yield is nearly
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95%, allowing for greater utilization of nutrient components for the soil and the advantage of
reduced synthesis costs

Preliminary conclusions: This study aimed to synthesize the material through two distinct
routes, resulting in MOFs with significant structural differences that can be explored in various
applications. The results obtained highlight the mechanochemical synthesis of MOFs as a
noteworthy alternative, not only for its eco friendliness but also for the excellent outcomes
achieved. This approach allows for parameter adjustments to produce highly customized
materials and stands out for its superior yield and ease of production scaling. The MOF
synthesized through both routes shows great potential as a natural soil remineralizer, providing
controlled release of essential nutrients. This advancement represents a significant step toward
more efficient and sustainable agriculture while also underscoring mechanochemistry as a
promising alternative in the synthesis of MOFs for diverse applications.

Ana Paula Cervi Ferez
University of Sao Paulo (ESALQ/USP)
RestoreC Project of the NBS Research Program of RCGI - Research Centre for Greenhouse
Gas Innovation (PTRB- Al1.1)

Abstract Title: Novel field-based models to monitor carbon stocks of forest under restoration
in Atlantic forest

Authors’ Names & Affiliation Institutions of all authors (in order for publication): Ana Paula
CERVI FEREZ1; Pedro Henrigue SANTIN BRANCALION2; Otadvio CAMARGO
CAMPOES3 1 Forestry Engineer, PhD student of the Graduate Program in Forest Resources at
University of Sdo Paulo, e-mail: anapaula.ferez@usp.br; 2 Professor at Department of Forest
Sciences of University of S&do Paulo ('Luiz de Queiroz' College of Agriculture — ESALQ/USP);
3 Professor at Department of Forest Sciences of Federal University of Lavras (UFLA)

Abstract: Forest restoration goals are being pledged internationally as strategies for mitigating
climate change, although there are still uncertainties regarding the dynamics of carbon storage
of restored forests. This work contributes to develop novel models for aboveground biomass
(AGB) estimation of forest under restoration to support large-scale recovery of degraded areas.
Robust allometric equations will be developed for AGB estimation of forests under restoration.
Relations between LIiDAR metrics and AGB measurements valued destructively will be
evaluated for effective carbon monitoring tool at scale.

Keywords: biomass accumulation; restored forests; remote sensing.
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Introduction and Objectives: Monitoring the carbon storage in tropical forests under
restoration is crucial to support the ambitious international pledges, but there are still missing

appropriate equations to estimate AGB of forest under restoration. Considering the great
biodiversity and complexity of tropical restored forests, it is important to increase the accuracy
of AGB estimates. Hence, the development of new reliable methodological approaches to
measure carbon stocks is key to endorse forest restoration as a natural climate solution at scale.
Remote sensing (RS) has been used to predict AGB in forests, however current methods are
based on relations that combine LiDAR-metrics with indirect estimates of AGB, calculated by
pantropical equations, non-appropriate for forest restoration areas. The aim of this study is to
generate direct estimates of AGB for different forest under restoration (forest plantations and
natural regeneration) in the Atlantic Forest, in order to fill the gap of the field-based data used
on those RS approaches.

Methodology: Through the destructive method, 80 trees from 20 native species of different
sites (SP and BA experimental field trials) will be systemically selected based on the most
recent inventory data and sampled to develop site-specific allometric equations for AGB
estimation of restored forests. In order to up reach the scale of these critical field-data, we will
explore a novel RS methodology that not yet tested in recent research. LIDAR data will be
collected from airborne laser scanning (ALS) and terrestrial laser scanning (TLS) assessments
in both sites and AGB will be calculated destructively in a 30m x 30m plot (900 m2) in which
all trees’ individuals present will be sampled. The significance relationships with canopy
structure attributes will now be developed using direct measurements of AGB. LiDAR data
processing and metrics will be extracted using the LidR package in R. Multiple linear regression
analysis will be conducted for adjustment and selection of biomass estimation models (R2,
RMSE). Significance correlations with canopy structural attributes will be analysed trough
Pearson coefficient. Calibration of the best predictive model for above-ground carbon based on
LiDAR metrics based on AIC estimator. The model accuracy will be assessed by leave-one-out
cross-validation procedure.

Preliminary results: Development of robust allometric equations to estimate biomass for
forest restoration as a function of age and site. Determination of uncertainties in generalist
models applied to restoration. Innovative monitoring approach using LiDAR, calibrated with
direct biomass measurements. Furthermore, this study will generate a valuable database for
further studies relating the AGB of forest landscapes under restoration with canopy structure,
accurately provided by remote sensing as LiDAR data.

Preliminary conclusions: It is expected to deepen the understanding of carbon dynamics in
different restoration systems aimed at mitigating climate change, which will ultimately allow
forest restoration to be effectively implemented as NBS. The results will provide effective at-
scale monitoring tool for carbon-targeted forest restoration programs, as well as contribute to
the definition of the most cost-efficient forest restoration methods for carbon sequestration in
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the Atlantic Forest.

Antonio Yan Viana Lima
Luiz de Queiroz College of Agriculture — University of Sdo Paulo

Abstract Title: Grazing exclusion: a nature-based solution to increase microbial activity in
Brazilian desertified drylands
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Abstract: Desertification often driven by overgrazing and climate change represents a direct
threat to the sustainability of drylands. The need to tackle desertification is crucial to achieving
the global environmental goals set by the SDGs. To this end, nature-based solutions such as
grazing exclusion are being used to restore desertified areas in Brazilian drylands. Despite this,
the effects of grazing exclusion on microbial activity are still poorly understood. This research
aimed to evaluate the effects of grazing exclusion on microbial biomass carbon (MBC) content
and B-glucosidase enzyme activity in desertified drylands in Brazil. The study was performed
in the Desertification Nucleus of Iraucuba (Ceard State) in three sites with two different
managements each: i) grazing exclusion for 21 years (RE) and ii) desertified areas by
overgrazing (DE), in addition to areas of native Caatinga vegetation (NV) as a control treatment.
Soil samples were collected in the 0 - 10 cm layer during the dry and rainy seasons, totaling 54
samples (three sites x three (two managements + one control treatment) x three blocks x two
seasons). The analyses were performed in RStudio® software and the significance of the means
was tested by Tukey's test (P < 0.05). The results showed that the NV and RE areas had the
highest MBC contents in the dry season (130.36 in NV and 285.21 mg kg-1 in RE) and in the
rainy season (77.71 in NV and 92.63 mg kg-1 in RE), while DE had the lowest contents,
regardless of the season (48.08 in rainy and 84.01 mg kg-1 in dry). The same trend was observed
for B-glucosidase activity, with the highest activity in the dry season (175.62 in NV and 197.43
mg p-nitrophenol kg-1 solo-1 in RE) and in the rainy season (114.11 in NV and 102.72 mg p-
nitrophenol kg-1 solo-1 in RE), while DE showed the lowest activity, regardless of season
(37.12 in rainy and 83.09 mg p-nitrophenol kg-1 solo-1 in dry). The increase in SH is driven by
the biological balance that occurs through the increase in biological indicators. Grazing
exclusion and improving vegetation cover increased soil microbial activity, as observed in our
study. RE showed MBC contents and -glucosidase activity similar to NV and higher than DE,
showing that the increase in microbial activity was a response to the increase in vegetation
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Keywords: soil quality; biological quality; land degradation; Brazilian semiarid; ecosystem
restoration.

Introduction and Objectives: Drylands comprising a sizable portion of the Earth's surface at

41% are confronting substantial environmental challenges, with 10-20% of these regions
experiencing degradation. This degradation issue has far-reaching implications, impacting an
estimated 250 million people worldwide. In particular, the Brazilian drylands house the most
densely populated semiarid region globally is home to approximately 28 million people and,
covers roughly 10% of Brazil's total land area. The Brazilian semiarid is characterized by low
annual rainfall, resulting in a unique flora adaptation to arid conditions, featuring species such
as cacti and thorny shrubs. Unfortunately, intensive human activities like overgrazing have led
to a 45% reduction in the native vegetation of the Brazilian semiarid, exacerbating soil
degradation and desertification, leading to reduced soil health.

Soil health, defined as the ability of soil to support plant and animal productivity, maintain
environmental quality, and contribute to human well-being, is a critical consideration in
addressing the multifaceted challenges faced by dryland ecosystems. A comprehensive
understanding of soil health in these regions is essential for developing effective strategies to
combat degradation, promote sustainable land management practices, and safeguard the
livelihoods of the millions of people who rely on these fragile ecosystems for their well-being.
Further research is imperative to elucidate the intricate relationships between soil health, land
use, and restoration practices within the context of the Brazilian semiarid. Microbial activity in
drylands plays a crucial role in the dynamics of ecosystems in these areas. Soil microorganisms
play essential roles in decomposing organic matter, cycling nutrients and promoting soil
stability. Microbial biomass carbon (MBC) emerges as a key indicator of soil health in dryland
environments, reflecting the amount of carbon contained in living soil microorganisms. In
addition, B glucosidase enzyme activity, which participates in the carbon cycle and the
degradation of recalcitrant organic compounds, plays a key role in the availability of organic
carbon for soil microorganisms. In drylands, understanding microbial activity, including MBC
and PB-glucosidase activity, is fundamental to assessing the resilience and capacity of these
ecosystems to cope with environmental pressures and climate change. Therefore, this study
aimed to evaluate the effects of grazing exclusion on the microbial activity of soils from long-
term restoration areas (21 years of grazing exclusion) in Brazilian drylands, in addition to
evaluating the effect of desertification on the microbial activity of soils in drylands. Thus, we
hypothesize that (i) grazing exclusion increases the microbial activity of restored soils and (ii)
that soils degraded by overgrazing have low microbial activity.

Methodology: The study was conducted in the municipality of Iraucuba, located in the state of
Ceara, Brazil, within the experimental research area of the "Irauguba Desertification Nucleus™
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(IDN). This region has a low annual rainfall of approximately 540 mm, which occurs between
January and April and has a hot semi-arid tropical climate. The soils in the area are Planosols
and, over the last 150 years, livestock activity has led to the removal of the cover and
degradation of the soil, including compaction due to grazing and natural factors such as elevated
temperatures and water scarcity. The aridity index in the municipality of Irauguba is 0.26, one
of the lowest in the Brazilian semi-arid region. In 2000, experimental areas were established to
study the effects of desertification on soil properties, with degraded areas mapped, fenced off
to prevent animal access, and left fallow for passive soil restoration. The study was carried out
at three sites, each with different land use and management scenarios: 1) native Caatinga
vegetation (NV), made up of dry forest fragments; 2) degraded areas (DE) subjected to intensive
grazing; and 3) grazing exclusion areas (RE), which were fenced off for 21 years to allow the
natural vegetation to recover. Soil sampling was conducted in February 2020 (rainy season) and
October 2021 (dry season) in each area, with three replicates established at depth 0-10 cm.
Composite samples were sieved (2 mm) and stored at 4 -C for biological analyses.

The quantification of MBC followed the fumigation-extraction method, as outlined by Vance
et al. (1987) and Polli and Guerra (1997). To assess the potential activity of f-glucosidase (BG)
(EC 3.2.1.21), the soil (1 g) was incubated with p-nitrophenyl B-glucopyranoside substrate (pH
6.0) at 37°C for 1 hour, and the release of p-nitrophenol was measured via spectrophotometry
at 410 nm, following the procedure described by Tabatabai (1994). The study assessed
homogeneity and normality of variance through the Levene and Shapiro-Wilks tests,
respectively. After these initial tests, a pooled analysis using Nested-ANOVA was conducted
to comprehend the sources of variability within and between groups. To identify significant
mean differences between groups, Tukey's test at a 5% significance level was conducted using
RStudio® (Version 1.3.1093).

Preliminary results: The findings indicate notable variations in MBC and B-glucosidase
activity across different land use scenarios and seasons. In both the dry and rainy seasons, NV
and RE areas exhibited the highest MBC contents, with NV reaching 130.36 mg kg-1 in the dry
season and 77.71 mg kg-1 in the rainy season, and RE registering even higher values at 285.21
mg kg-1 and 92.63 mg kg-1 for the respective seasons. In contrast, the Degraded (DE) area
consistently showed the lowest MBC levels, with 48.08 mg kg-1 in the rainy season and 84.01
mg kg-1 in the dry season.

A similar pattern was observed for B-glucosidase activity, where NV and RE recorded the
highest activities, both in the dry and rainy seasons. In the dry season, NV exhibited (-
glucosidase activity of 175.62 mg p-nitrophenol kg-1 soil-1, while RE reached 197.43 mg p-
nitrophenol kg-1 soil-1. During the rainy season, these values were 114.11 mg p-nitrophenol
kg-1 soil-1 for NV and 102.72 mg p-nitrophenol kg-1 soil-1 for RE. Conversely, the DE area
consistently displayed the lowest B-glucosidase activity, with 37.12 mg p-nitrophenol kg-1 soil-
1 in the rainy season and 83.09 mg p-nitrophenol kg-1 soil-1 in the dry season. These results
underscore the significant impact of land use and management practices on soil microbial
parameters, with NV and RE areas exhibiting higher microbial biomass and enzyme activity
compared to the DE area, regardless of the season.
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Preliminary conclusions: In the context of the restoration areas, the presence of vegetation in
Brazil's semiarid emerges as a crucial determinant of soil health, particularly highlighting its
positive influence on key soil health indicators such as MBC and B-glucosidase activity. The
unique seasonality of the Caatinga biome's deciduous vegetation, marked by significant leaf
shedding during the dry season, amplifies biological activity during this period, underscoring
the pivotal role of native vegetation in stimulating microbial processes and nutrient cycling in
arid environments. This study highlights the importance of employing grazing exclusion as a
strategic approach to bolster vegetation cover and improve microbial activity in dryland
regions. Furthermore, it emphasizes the sensitivity and rapid response of biological properties
as effective indicators for discerning the impacts of detrimental practices on soil health.

Beatriz da Silva Vanolli
PhD student in the Postgraduate Program in Soils and Plant Nutrition at the School of
Agriculture "Luiz de Queiroz" - University of Sdo Paulo (ESALQ/USP)

Abstract Title: Carbon stock dynamics in short-term integrated agricultural systems on sandy
soils
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Abstract: The conversion of degraded pasture areas to integrated agricultural production
systems, such as the crop-livestock-forest system, has been a promising strategy for increasing
the carbon (C) stock in the soil and contributing to the reduction of greenhouse gases. As it is a
diversified system, there is a greater input of organic material in the soil and also a more
diversified input of material. Based on this, the aim was to evaluate the C stock in short-term
integrated agricultural production systems in sandy soil. The study was carried out in the
municipality of Caiua/SP with the respective land uses - i. Native forest (MN); ii. Pasture (PA);
iii. Crop-livestock integration system with Urochloa brizantha (ILPb); iv. Crop-livestock
integration system with Megathyrsus maximus (ILPp).This study investigated carbon (C) stock
distribution in different soil layers (0-10 cm, 10-20 cm, and 20-30 cm). In the topsoil layer (0-
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10 cm), PA exhibited the highest C stock, likely due to concentrated brachiaria roots, followed
by ILPb, while MN and ILPp had lower C stocks. In the subsurface layer (10-20 cm), MN
displayed the highest C stock, indicating its ability to store C in deeper soil layers. ILPp also
showed significant C stock potential in this layer, followed by ILPb. In the deepest soil layer
(20-30 cm), MN again had significant C stock, followed by ILPp and ILPb. Among the
integration systems, ILPb had the highest total C stock across all layers (0-30 cm) compared to
ILPp. However, differences in soil texture, with ILPb having higher clay content, may influence
the stock potential. Importantly, the study found that the three-year period of observation was
insufficient for the new integrated systems to surpass the C stock levels observed in stable
pastures. This suggests that soil C recovery after pasture conversion may be a slower and more
gradual process than initially expected, emphasizing the need for long-term monitoring and
management strategies to enhance C sequestration in agricultural systems.

Keywords: soil health, carbon dioxide, greenhouse effect, crop-livestock integration, organic
matter.

Introduction and Obijectives: Mitigating greenhouse gas (GHG) emissions and climate
change has been a major global challenge. Soil is the largest terrestrial compartment of carbon
(C) (Kern and Johnson, 1993), and stores around 2,500 Pg C, with 1,500 Pg C in the 0-100 cm
soil layer, three times more than is stored in the atmosphere (Machado, 2005; Cias et al., 2013).
In recent decades, the world has been discussing the consequences of these impacts on the
planet and possible solutions. With the Paris Agreement in 2015 and the United Nations Climate
Change Conference (COP 26) in 2021, Brazil committed to reducing greenhouse gas emissions
by 37% in 2025 and 50% by 2030 compared to the 2005 baseline (Balau, 2021). Sustainable
agricultural development in the country has been the focus of the National Low Carbon
Agriculture Plan (ABC Plan) as the main strategy to promote atmospheric C sequestration. One
of the GHG reduction strategies developed in the ABC plan is the addition of 5 million hectares
of Integrated Agricultural Production Systems (SIPA) (Liell et al., 2018). These systems
combine agricultural and/or forestry activities in the same area, with synergies between the
components (Balbino et al., 2011). The diversification of the system favors the formation and
stabilization of aggregates through which the physical protection of C occurs, added to
conservationist management, which maintains the aggregate structure and hinders access to
decomposing microorganisms, therefore reflecting on the stock of C in the soil (Lal, 2009).
With this in mind, in order to measure the contribution of systems to C sequestration in sandy
soil, the following hypothesis was raised: i) Integrated systems, such as crop livestock
integration, increase C stock in the short term in sandy soil.

Methodology: The study was carried out in the municipality of Caiuad/SP in the southwest of
the state of Sdo Paulo. Located at an average altitude of 375 m, the region has an average
temperature of 24.1°C and an average annual rainfall of 1324 mm, with a tropical climate and
a dry winter season (Koppen and Geiger classification). The soil type is Latossolo Vermelho-
Amarelo (Santos et al., 2018) with a sandy texture. The area in question was used for livestock
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farming from 2007 to 2018, then in 2018 the area was divided to implement the Crop-Livestock
Integration System, which was three years old at the time of sampling (February 2022). The
study was carried out using the chronosequence of land use change i. Native forest (MN); ii.
Pasture (PA); iii. Crop-livestock integration system with Urochloa brizantha (ILPb); iv. Crop-
livestock integration system with Megathyrsus maximus (ILPp). In each land use, the soil was
sampled to a depth of 30 cm (0-10, 10-20, 20-30 cm) at nine points (repetitions) spaced 50 m
apart. The total organic C of each sampled layer was quantified by dry combustion in an
elemental analyzer - LECO® CN-2000 (oven at 1350 °C in pure oxygen) and the soil density
was calculated by the ratio between the dry soil mass and the ring volume for subsequent
calculation of the C stock. Subsequently, the soil C stocks were calculated using the soil density
data for this area, using the equation: C stock = C x Ds x Prof where: C stock is expressed in
Mg ha-1; C = carbon content in %; Ds = soil density (Mg m 3); Depth = depth of the sampled
layer in cm. The C stocks of the different land uses were corrected for equivalent mass,
considering the treatment without product as the reference.

Preliminary results: In the topsoil layer (0-10 cm), PA had the highest C stock among the
systems evaluated (p<0.05), followed by ILPb. This difference suggests that PA was able to
accumulate a substantial amount of C in this layer, possibly due to the concentration of
brachiaria roots. MN and ILPp exhibited relatively lower C stocks in this layer. The subsurface
layer (10-20 cm) revealed a different distribution of C stocks. In this case, MN had the highest
C stock, indicating its ability to store C in deeper soil layers, as observed by Costa et al. (2009)
in which MN also had low values in the 0-5 cm layer. Notably, the ILPp showed considerable
C stock potential in the 10-20 cm layer, followed by the ILPb system. In the deepest soil layer
(20-30 cm), MN also stood out with a significant C stock (p<0.05), suggesting a continued
capacity to sequester C in deeper soil layers. The ILPp and ILPb systems, although they showed
lower values compared to MN, still demonstrated considerable C stock potential in this layer.
Among the integration systems, Urochloa brizantha (ILPb) was statistically superior to
Megathyrsus maximus (ILPp) in terms of total C stock, layer 0 to 30 cm (p<0.05). However, it
is believed that the textural difference between the soils may be a determining factor in the
stock potential, since in ILPb the soil has around 20% clay, while in ILPp the clay content is
11%. However, the results indicate that this three-year period was not sufficient to allow the
new integrated systems to surpass the C stock observed in the stable pasture. This suggests that
soil C recovery after pasture conversion may be a slower and more gradual process than initially
anticipated.

Preliminary conclusions: With the largest amount of C stored among the land uses analyzed,
it was observed that this C stock is concentrated in the surface layers of the soil. MN showed
greater potential for storing C in deeper layers, even with a sandy-textured soil (10% clay). Due
to the recent implementation (three years) in both integrated systems, the C stock was lower
compared to the other land uses, so this period was not enough for these systems to surpass the
PA stock. Secondly, it was observed that the ILPb system stored more C than the ILPp system.
Again, soil texture may have played an important role in this difference in C stock, since ILPb
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was in an area with a higher clay content compared to ILPp. These results highlight the complex
interaction between soil texture, the time of implementation of the land use systems and the C
stock in the soil.

Bruna Emanuele Schiebelbein
Escola Superior de Agricultura Luiz de Queiroz - Universidade de Séo Paulo

Abstract Title: Status of soil health in agricultural soils in Brazil using the Soil Management
Assessment Framework (SMAF)
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Abstract: Soil provides vital environmental services and plays a central role in achieving the
Sustainable Development Goals. However, 40% of the world's soils are degraded, posing a
challenge to food production. Soil health, an indicator of a soil's sustainable ecosystem
functionality, is critical not only for crop productivity, but also to counter biotic and abiotic
stressors. For example, healthier soils have been shown to produce higher yields and be less
vulnerable to climate change. - The Soil Management Assessment Framework (SMAF) is one
of the most advanced analytical models for assessing soil health. Therefore, the objectives of
this work were i) to assess the health of Brazilian agricultural soils using the SMAF tool, and
ii) to evaluate differences in soil health at the national scale, using a large set of agricultural
data representative of Brazil. To calculate the Soil Health Index for agricultural areas in Brazil,
a dataset of 23,997 sample points distributed in 15 Brazilian states and collected in 2021 and
2022 was used. These sample points were obtained from soybean agricultural areas. The SMAF
was used to assess soil health at the national level using a minimum data set of five soil health
indicators (P, K, pH, Bd and SOC), and the results of the soil health indicators were converted
into a score ranging from 0 to 1 (unitless) using algorithms implemented in an Excel®
spreadsheet. Finally, the scores for each indicator were integrated into an overall Soil Health
Index (SHI) ranging from 0 to 1. The SHI and both indicator scores were interpolated using
geostatistical techniques to create a map of spatial variation in soil health and to identify local
hotspots of soil health. Exploratory analyses and box plots were performed to evaluate the ISS
and score indicators in different biomes and regions of Brazil. The results showed significant
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variation in soil health indicators among different Brazilian biomes. In general, the 0-10 cm soil
layer is operating at more than 80% of its maximum potential, indicating opportunities to
improve soil health through sustainable practices. The SMAF results highlight the inherent
influence of climate and soil characteristics on soil health. These findings underscore Brazil's
pivotal role in promoting soil health and advancing sustainable agricultural efforts globally.

Keywords: soil quality, soybean croplands, biomes.

Introduction and Objectives: Soil plays a critical role in providing environmental goods and
ecosystem services essential for human well-being and achieving the Sustainable Development
Goals. However, approximately 40% of the world's soils are degraded, posing one of the
greatest challenges to food production. Maintaining and improving soil health is necessary to
ensure food security and promote sustainable agricultural development. Globally, the concept
of soil health is associated with the continued ability of soil, as a living ecosystem, to perform
its functions related to maintaining environmental quality (air and water), promoting human
health, and supporting crop productivity. In addition to ensuring crop productivity, healthy soils
are critical to reducing crop vulnerability to biotic and abiotic stresses. For example, a recent
study in China ((Qiao et al., 2022). found that crops (such as maize, wheat, and rice) grown in
healthy soils had higher yields (10.3 £ 6.7%) and lower losses (up to 21%) due to reduced
sensitivity to climate variability. Thus, the health of agricultural soils is directly linked to
success in addressing major global challenges such as food security and climate change
mitigation and adaptation. Due to its broad and complex nature, there is no direct way to
measure soil health. Instead, its assessment relies on the integration of chemical, physical, and
biological indicators and their interactions. These indicators provide insight into overall soil
health, help monitor changes over time, and differentiate between different management
practices. With growing global interest and the potential to achieve sustainable development
goals through healthy soils, computational approaches have been developed, such as the Soil
Management Assessment Framework - SMAF, which is one of the most advanced analytical
models. The assessment involves three steps: i) selection of a minimum data set, ii)
interpretation of the evaluated indicators, and iii) integration of the indicators into an overall
index. In Brazil, several local studies have evaluated soil health using the SMAF tool,
highlighting its applicability and sensitivity in distinguishing agricultural crop diversification
and land use in the Central South region of Brazil, effects of sugarcane straw removal,
agroforestry systems, mangroves, and technosols. Therefore, the objectives of this work were
i) to assess the health of Brazilian agricultural soils using the SMAF tool, and ii) to Evaluate
differences in soil health at the national scale, using a large set of agricultural data representative
of Brazil.

Methodology: To calculate the Soil Health Index for agricultural areas in Brazil, a dataset of
23,997 sample points distributed in 15 Brazilian states and collected in 2021 and 2022 was
used. These sample points were obtained from soybean agricultural areas, which include major
grain-producing regions. The data were obtained from a large national initiative led by Bayer
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S.A. in collaboration with public research institutions, including ESALQ/USP. The SMAF was
used to assess soil health on a national scale using a minimum data set of five soil health
indicators. The chemical indicators included pH, related to soil acidity, and K and P, related to
nutrient cycling, which are key drivers of plant growth and productivity. Bulk density (Bd)
served as a physical indicator of soil processes such as aeration, water dynamics, and
mechanical resistance to root growth. In addition, soil organic carbon (SOC) was considered a
driver of multiple processes and functions, such as nutrient cycling, maintenance of soil
structure, and carbon sequestration. These indicators have been widely used in soil health
studies both in Brazil and globally. In the second step, the results of the soil health indicators
were converted into a score ranging from 0 to 1 (unitless) using algorithms implemented in an
Excel® spreadsheet. These scoring curves were specific to each soil type, soil texture,
mineralogy, climate, sampling season, slope, crop, and analytical method. In the third and final
step, the scores for each indicator were integrated into an overall Soil Health Index (SHI)
ranging from 0 to 1 (Equation 1). This value represented the percentage of the total potential
functioning of the soil in terms of its ability to perform functions related to crop productivity,
nutrient cycling, and environmental protection. SHI has been calculated for 0-10 cm soil depth.

SHI = XScoreixWeighti

Where Scorei was the score of the indicator and Weighti was the weighted value of the
indicators. The indicators were weighted based on the chemical components (pH, P, and K),
physical components (Bd), and biological components (SOC). Thus, regardless of the number
of indicators, each group had the same weight (33.33%) in the final index. The SHI and both
indicator scores were interpolated using geostatistical techniques to create a map of spatial
variation in soil health and to identify local hotspots of soil health.

Preliminary results: Regarding the scores of the chemical indicators, both P and K show
similar trends. Scores close to 1 are observed in the Pampa (P: 0.99; K: 0.94) and Atlantic Forest
(P: 0.98; K: 0.94) biomes. In contrast, the Cerrado (P: 0.97; K: 0.86) and Amazon (P: 0.97; K:
0.79) biomes recorded lower scores, especially for K. Regarding pH, scores close to 1 were
found in the Cerrado (0.93) and Atlantic Forest (0.92) biomes, while the Pampa and Amazon
biomes recorded lower values, with values of 0.85 and 0.89, respectively. For soil density, the
Pampa had the highest value (0.82), while the Atlantic Forest, Amazon, and Cerrado had lower
values of 0.76, 0.76, and 0.73, respectively. For SOC in general, all biomes had scores close to
1 (Pampa -0.98; Atlantic Forest -0.96; Cerrado -0.95; and Amazon -0.88). Finally, in terms of
ISS, the Pampa (0.90) and Atlantic Forest (0.88) biomes had the highest ISS scores, compared
to Cerrado (0.86) and Amazon (0.83). These results correlate with climatic variables such as
temperature and precipitation. The humid subtropical climate (Cfa and Cfb) regulates soil
carbon accumulation by slowing the rate of organic matter decomposition and promoting
greater plant biomass production. Meanwhile, the presence of highly weathered soils with
natural fertility suggests specialized carbon sequestration mechanisms that further enhance
carbon storage potential and improve nutrient availability for plants.
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Preliminary conclusions: Overall, the 0-10 cm soil layer is operating at over 80% of its
maximum capacity across the biomes studied. This suggests that there's still potential to further
improve soil health through sustainable management practices. The SMAF tool has proven
effective in assessing variation in agricultural soil health in Brazil. However, there's room to
refine its interpretation curves by incorporating different soil classes and the diverse climatic
conditions found throughout Brazil, which could yield even more accurate results. These results
underscore the influence of climate and soil characteristics on SHI and highlight Brazil's unique
ability to play a central role in promoting soil health and advancing sustainable agricultural
practices on a global scale.
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University of Sdo Paulo (USP)
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Abstract: Intensifying agricultural systems by the inclusion of grass species with vigorous root
system change the soil physical and chemical attributes and can modify the mechanism of N20
production in soils under integrated crop-livestock (ICL) system. This study is based on the
hypothesis that the inclusion of brachiaria grass cultivated with maize modifies soil porosity,
the input of organic carbon and nitrogen by roots decomposition and exudation, consequently
changing the pathway and intensity of N2O production. The objective of this study was to
quantify the contribution of brachiaria on nitrification and denitrification processes to N20
emissions using 15N-labelled fertilizers. A glasshouse study was conducted to understand the
15N-N20 dynamics in soils with and without brachiaria grass. The experimental units consisted
of pots with 18 kg of soil on a dry basis. The N fertilizer source was the ammonium nitrate,
single (A15N) and double labelled (15A15N). The experiment design was randomized with six
treatments and four replicates. The treatments were: 1) Control (soil without plant and N
fertilizer); 2) Maize fertilized with 15A15N; 3) Maize fertilized with A15N; 4) Maize +
Brachiaria fertilized with 15A15N; 5) Maize + Brachiaria fertilized with A15N. Along the
experimental period, soil moisture was adjusted to 60% of the water holding capacity. N20
fluxes were measured during 30 days after fertilization (DAF) until the stabilization of
emissions on the control level. The 15N-N20 enrichment was analyzed on an isotope-ratio
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mass spectrometer at the University of California, which five time points representing the main
N20O emission peaks were chosen. The natural abundance of atmospheric N20 was subtracted
from the 15N-N20 enrichment of the samples to calculate the atom % excess. The Maize +
Brachiaria significantly boost the N20 production (p<0.05) with an emission increase of 78%
in comparison to maize monocrop and 85% when compared to the control. The mineral N
content presented the same pattern that N20O emissions and in general, high concentration were
observed in the first 12 DAF. Regarding the pathways of N20O production, it was observed that
the denitrification was responsible for 100% of the N20 emissions 2 DAF in both Maize and
Maize + Brachiaria treatments. After that, nitrification was the main N20 production pathway
in Maize treatments, contributing with 66%, 69% and 96% of the N20O emissions, respectively
to 5, 8 and 10 DAF. On the other hand, changes in the N20 production pathway induced by
brachiaria was observed from the 5th DAF, where 89% of N20O came from nitrification.
Afterwards the contribution of nitrification decreased to 67% and 30% respectively to 8 and 10
DAF. Our findings confirmed that despite of the high contribution of nitrification process in the
tropical soils, the denitrification seems to be equally important during the N20O emission peaks.

Keywords: Greenhouse gas emissions; Root exudates; Soil microbiota.

Introduction and Objectives: Intensifying agricultural systems by the inclusion of grass
species with vigorous root system change the soil physical and chemical attributes and can
modify the mechanism of N2O production in soils under integrated crop-livestock (ICL)
system. In general, the production of N2O in soils occur mainly by nitrification and
denitrification pathways, the discrimination between these two routes is a research priority for
the establishment management practices mitigating such emissions. Nitrification and
denitrification occur in all soils under a variety of abiotic factors such as soil O2 levels, water
contents, pH, temperature, NO2- concentrations, organic C contents, inorganic nutrients,
availability of C and N, soil disturbance (Hu et al. 2015). In previous studies from subtropical
and temperate regions, source portioning of N2O emission using double labelling approach
(e.g., 15NH415N03 and NH415N03) have identified denitrification process as dominant due
to its requirements for available C and N under low pH and low O2 levels found in forests and
old grasslands (Russow et al. 2000; Baggs 2008; Morley and Baggs 2010). In tropical
conditions, recent studies had indicated that nitrification is the dominant route for N20
production in soils (Soares et al. 2016; Lourenco et al. 2018). To the best of our knowledge,
there are no studies evaluating the impacts of the use of brachiaria grasses on the main routes
of N20 production in tropical soils using 15N isotope tracer. This technique has been widely
applied to discriminate the pathways of N20O emissions by soil 15N enrichment following
application of 15N labelled fertilizers/compounds (Baggs, 2008). Based on these statements,
we hypothesize that the use of brachiaria in ICL system modify soil porosity and the input of
organic carbon and nitrogen by roots decomposition and exudation, and consequently change
the pathway and intensity of N20 production in tropical soils. The objective of this study was
to apply the 15N approach for the first time to determine the contribution of brachiaria on
nitrification and denitrification processes to N20O production using 15N labelled fertilizers.
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Specific objectives were: i) Quantify N20 emissions in soil with and without the presence of
brachiaria; ii) Discriminate, by isotopic technique, the contribution of nitrification and
denitrification pathways to N20O production in soils with and without brachiaria; iii) Evaluate
the role of brachiaria root system (biomass and exudates) on N20 production; iv) Correlate the
N20 emissions with different soil attributes.

Methodology: A glasshouse study was conducted to understand the 15N-N20 dynamics in
soils with and without brachiaria grass. The experimental units consisted of pots with 18 kg of
soil on adry basis. The N fertilizer source was the ammonium nitrate, single (A15N) and double
labelled (15A15N). The experiment design was randomized with six treatments and four
replicates. The treatments were: 1) Control (soil without plant and N fertilizer); 2) Maize
fertilized with 15A15N; 3) Maize fertilized with A15N; 4) Maize + Brachiaria fertilized with
15A15N; 5) Maize + Brachiaria fertilized with A15N. Along the experimental period, soil
moisture was adjusted to 60% of the water holding capacity. N2O fluxes were measured during
30 days after fertilization (DAF) until the stabilization of emissions on the control level.

- Gas samplings and analyses

For the GHG quantification, mini static chambers were allocated inside of each experimental
unit and closed during the incubation period to gas samplings. Gas samples were collected with
syringes after 0,15 and 30 min following chambers closure and then stored in 12 mL pre-
evacuated exetainers vials. After all samplings, the chambers were kept open. Concentrations
of CO2, N20 and CH4 were measured by gas chromatograph (GC-2014). The CO2 and CH4
gases were detected with FID (flame ionisation detector) and N20O with ECD (electron capture
detector). The flux of each GHG was calculated using the linear change in the concentration as
a function of the incubation time within the chamber. The 15N-N20 enrichment was analyzed
on an isotope-ratio mass spectrometer at the University of California, which five time points
representing the main N20O emission peaks were chosen. The natural abundance of atmospheric
N20 was subtracted from the 15N-N20 enrichment of the samples to calculate the atom %
excess.

Preliminary results: The Maize + Brachiaria significantly boost the N20 production (p<0.05)
with an emission increase of 78% in comparison to maize monocrop and 85% when compared
to the control. The mineral N content presented the same pattern that N2O emissions and in
general, high concentration were observed in the first 12 DAF. Regarding the pathways of N20O
production, it was observed that the denitrification was responsible for 100% of the N20
emissions 2 DAF in both Maize and Maize + Brachiaria treatments. After that, nitrification was
the main N20O production pathway in Maize treatments, contributing with 66%, 69% and 96%
of the N20 emissions, respectively to 5, 8 and 10 DAF. On the other hand, changes in the N20O
production pathway induced by brachiaria was observed from the 5th DAF, where 89% of N20
came from nitrification. Afterwards the contribution of nitrification decreased to 67% and 30%
respectively to 8 and 10 DAF.
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Abstract: The sustainable management and utilization of natural resources and processes,
known as Nature Based Solutions (NBS), have emerged as a promising strategy to address the
socio-environmental challenges currently faced by the world. This academic abstract explores
the integration of local communities with Nature-Based Solutions, emphasizing the importance
of actively involving communities in the planning and implementation of these approaches.
Using a methodological approach that includes literature review and media analysis, we aim to
identify the key factors contributing to the engagement of local communities with NBS and
their sustainable implementation. Preliminaryy data indicates that the integration of local
communities is a crucial element in achieving long-term success and maximizing the benefits
of nature-based approaches.

Keywords: Nature-Based Solutions, local communities, sustainability, socio-environmental
challenges, natural resources.

Introduction and Objectives: Nature-Based Solutions (NBS) are approaches that seek to
address environmental issues such as climate change, biodiversity loss, and ecosystem
degradation by utilizing and restoring natural ecosystems. They are relevant for mitigating
climate change, conserving biodiversity, and reversing ecosystem degradation, offering
additional benefits such as protection against natural disasters and strengthening the resilience
of local communities. This study provides a comprehensive view of the importance of NBS and
the need to integrate local communities into such initiatives. The objectives of this study are to
examine the role of NBS in promoting community integration, identify the key factors
contributing to successful integration, and explore the potential benefits and challenges
associated with community participation in NBS projects.

Methodology: To achieve these objectives, this study employs a methodology that combines
literature review and media analysis. The literature review involves the analysis of academic
articles, reports, and case studies related to NBS and community integration. Media analysis
focuses on assessing digital and print newspaper articles, social media posts, and other forms
of media coverage to gain insights into public perceptions and attitudes towards NBS and
community participation.
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Preliminary results: Preliminary results highlight that the integration of local communities
with Nature-Based Solutions is crucial for the success and sustainability of these approaches.
Communities actively involved in the management of natural resources, such as forest
restoration, sustainable agriculture, and nature-based water management systems, tend to reap
significant economic, social, and environmental benefits. NBS not only help mitigate climate
change and conserve biodiversity but also enhance the resilience of local communities in the
face of natural disasters. For example, we can cite the "Mangrove Capital Africa” project, led
by The Nature Conservancy, which engaged local communities in the restoration of mangroves
along the African coast. These communities were trained to plant mangrove seedlings, monitor
tree growth, and protect mangroves from harmful activities. Other examples include the
"Community-Based Reforestation™ project in Indonesia, where local communities restored
degraded forests, and the "Agroforestry for Livelihoods™ project in Latin America, which
promoted agroforestry as a sustainable solution for food production and biodiversity
conservation.

Crislany Canuto dos Santos
Doutoranda do Programa de Pds-graduacdo em Agronomia — Producdo Vegetal da
Universidade Federal de Alagoas (UFAL)

Abstract Title: Integration crop-livestock-forest systems influence soil ¢ stock in the semi-arid
of Ceara
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Abstract: Integration of crop-livestock-forest systems (ICLF) can have a positive impact on
the carbon footprint, mitigating climate and environmental changes. Therefore, investigating
the effects of different ICLF systems on carbon dynamics in the semi-arid can promote the
adoption of such strategies in these region. We investigated soil C dynamics in ICLF systems
in the semi-arid of Ceara state, Brazil. The study was conducted in an experimental area with
four ICLF systems: sorghum (SO), forage cactus (FC), massai grass (MG) and buffel grass

19



Energy Transition Research Centre for
RESEARCH & INNOVATION N\ J Greenhouse Gas Innovation l | () p

(BG), each with different spacing between native tree strips (NTS) in the Caatinga (7 m — S7,
14 m — S14 and 28 m — S28). These systems were compared with an area of native vegetation
(NV) and also with NTS. Soil samples were collected to a depth of 50 cm and soil carbon stocks
were determined. Adoption of ICLF systems in NV areas has reduced soil C stocks. However,
the C stock lesses varied with species and spacing adopted. Carbon greater loss in the ICLF
systems after 6 years occurred in system with forage cactus in S28, while the lower loss
occurred in the systems with massai grass and buffel grass, also in S28. The results of the
present study provided information on how C dynamics in the soil were influenced to the
different spacing adopted between tree strips in ICLF systems in Caatinga.

Keywords: soil organic matter; soil quality; Caatinga.

Introduction and Objectives: Climate change has global implications, and reducing
greenhouse gas (GHG) emissions presents a significant challenge. In Brazil, the land use change
and agriculture sectors actively contribute to emissions in the country, making it evident,
therefore, the need for actions that promote GHG mitigation in these sectors. Soils accumulate
three times more carbon (C) than the atmosphere and terrestrial vegetation. Thereby, this large
organic carbon pool play a very important role in the global C cycle. One of the strategies to
soil organic carbon (SOC) accumulation is conversion of conventional agricultural systems to
sustainable production systems. However, in Brazilian semi-arid the predominant land use
system in the region is still the conventional one, which begins with cutting and burning of
native vegetation followed by the establishment of annual crops along with livestock, with
irregular fallow periods. It is also usual for cattle to graze in agricultural fields after harvest, as
well as in fallow areas, further reducing the biomass contribution in the region resulting in SOC
deficit. Integration crop-livestock-forest (ICLF) systems has been proposed as a promising
approach for SOC accumulation and, consequently, to mitigate GHG emissions which are
directly associated with global climate change. Is a production system that integrates
agricultural, livestock and forest components in rotation, intercropping or succession, within
the same production area and which search synergistic effects between the components.
Thereby, understanding the dynamics of SOC in different ICLF systems is essential for the
adoption of management strategies that minimize C losses and the release of greenhouse gases.
However, in Brazilian semi-arid, agricultural areas with integrated systems, as well as studies
which understanding the dynamics C in these systems are still scarce. Therefore, the objective
of this study was evaluating the impacts caused on the soil C stocks in ICLF systems in the
semiarid of Ceara state, Brazil.

Methodology: The experiment was installed in an experimental area at the Teaching, Research
and Extension Unit (UEPE) of the Federal Institute of Science and Technology of Ceara (IFCE),
Campus Limoeiro do Norte (05°10'53" S, 38°00'43"W, 146 m asl), in Limoeiro do Norte, Ceara
state, Brazil. The soil was classified as an Cambisol. Climate of the region is characterized by
hot and semi-arid, classified as BSw’h according to Képpen-Geiger. The experimental area had
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four ICLF systems with different spacing arrangements of natural Caatinga trees (woody
component) with dimensions of 6.0x100.0 m, positioned in the north—south direction. The ICLF
system was implemented in 2015, using a tractor with frontal blade, suppressing 100% of the
vegetation of the cultivable area (understory), directing the residual material to the edges.
Before thinning, the experimental area was composed of native arboreal Caatinga. The
treatments were: sorghum (SO), forage cactus (FC), massai grass (MG) and buffel grass (BG),
each with different spacings (at 7 m — S7, 14 m - S14, and 28 m — S28) between native tree
strips (NTS) in the Caatinga and an area of native vegetation (NV). The woody covers 46.15,
30.00 and 17.64% were obtained considering 6.0 m of strip with Caatinga trees, for the spacings
of 7, 14, and 28 m, respectively. Soil sampling was performed in January 2021. Disturbed
samples were collected from the depths of 0-10, 10-20, 20-30, and 30-50 cm, which resulted
in a total of 280 samples (4 depths x 5 replicates x 14 treatments). Besides, were collect
undisturbed soil samples using Kopeck rings (5 x 5 cm, height x diameter). In the laboratory,
the rings were oven-dried at 105 °C for 48 h, and soil bulk density (BD) was calculated based
on the weight of oven-dried samples and the total volume of the rings. The disturbed samples
were air-dried, sieved (< 2 mm), and roots and plant debris were removed. Sub samples from
disturbed samples were taken, ground, and sieved (0.25 mm mesh) before total C determination
by the dry combustion method using in an automatic nitrogen-carbon analyser (Thermo
Scientific, model Delta V Advantage; Milan, Italy). C stocks were calculated by multiplying
the C content, soil bulk density and soil layer thickness. To minimize discrepancies in soil
density induced by management practices, calculated C stocks were corrected based on soil
equivalent mass. ANOVA (p < 0.05) was used to test the significance among treatments (i.e.,
SO, FC, MG, BG, NV and NTS in each spacings S7, S14 and S28) in each soil depth (i.e., 0
10, 10-20, 20-30 and 30-50 cm) and to the cumulative layers (i.e., 0-30 cm and 0-50 cm).
When significant, Tukey's test (p< 0.05) was applied to compare the means of treatments. All
statistical analyses were carried out using R software (R Core Team, 2019).

Preliminary results: Lower SOC content was observed in systems ICLF compared to forest.
Overall, SOC content decreased with depth. The most pronounced impacts were observed in
the upmost layer (0-10 cm), where differences were observed in all treatments, which presented
an reduction ranging from 11% to 38% compared to NV. For the grasses (MG and BG) and FC,
both espacing S28 and S14 resulted in lowers loss in SOC levels. For the SO, the lower impact
was been in espacing S14. In the deepes layer (30-50 cm), only SO in E14 decresed SOC levels,
which presented an decreased from 1.60 g C kg—1. In NTS, SOC content in 0-10 cm layer were
similar to NV, but in 10-20 cm layer, SOC loss occurred, which was lower in 16% compared
NV.

Adoption of ICLF systems in NV areas has reduced soil C stocks. However, the effects varied
according to the species and system spacing. For the 0-30 cm accumulated layer, our results
show that the adoption of greater spacing (528) in the system with FC induced a loss of 2 Mg
ha—1 (i.e., 10%), compared to the S7. Conversely, in the system with MG, spacing S28 (32.4
Mh ha-1) produced a 10% increase in soil carbon stock. Likewise, in the system with SO the
highest C stock was observed in the S28, with stock the 28.9 Mg C ha-1. In NTS, C stock were
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higher in 7% compared with NV. The rate greast of C stock change for the 0-30 cm layer was
observed in the PO in the S28 (1.73 Mg ha-1 yr-1). While, rate lowest was observed in MG in
the S28 (0.46 Mg ha-1 yr-1). For the 0-50 cm accumulated layer, differences were found only
in the systems with PO and SO, where in the system PO the C stock decreased from 37,11 Mg
ha—1 under S7 to 32.88 Mg ha—1 under S28. The significant decrease in C stocks in SO was
observed when values decreased from 38.50 Mg ha-1 under S7 to 32.88 Mg ha-1 under S14.

Preliminary conclusions: The adoption of ICLF Systems in Caatinga was investigated. The
results obtained showed ICLF systems changed SOC accumulation. Overall, integrated farming
systems were influenced to the different spacing adopted between tree strips in ICLF systems
in Caatinga. Our findings suggest that adoption of greast spacing between NTS caused lower
losses in C stocks in the grasses (MG, BG and SO). On the other hand, in forage cactus, losses
in C stocks with spacing S28 were higher than S7. Finally, the results of this study can
contribute to a estimate of GHG emissions/removals due to ILPF systems in the Caatinga.
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Abstract Title: Projections of sustainable forest biomass demand as energy source in Mato
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Abstract: This study examined the potential of sustainable forest biomass utilisation as an
energy source in Mato Grosso, Brazil, a region renowned for agricultural production. Despite
being a significant agricultural contributor to Brazil's economy, Mato Grosso faces an
increasing demand for biomass to serve grain drying and energy generation needs, particularly
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in the increasing ethanol sector. This study conducted a comprehensive analysis of energy
demand, considering both agriculture and forestry scenarios. It forecasts timber demand for
grain drying, focusing on soybeans and maize, which are key crops in the region. The
projections suggest a requirement of 15,211,819 m3 of wood and 427,298 ha of planted area
over the next five years, emphasising the critical role of forest biomass in supporting
agribusiness and sustainable energy production. Leveraging forest biomass for thermal and
electrical energy aligns with national sustainability goals, including reducing carbon emissions,
as outlined in the Paris Agreement and National Policy on Climate Change. Despite these
challenges, this study highlights the considerable potential of sustainable eucalyptus plantations
in Mato Grosso to meet the energy demands of the ethanol industry and to maintain agricultural
production chains.

Keywords: Bioenergy; potential; forestry; wood.

Introduction and Objectives: Brazil is the 4th largest agricultural producer in the world, with
soybean, maize, rice, and seed cotton as the main crops. In this scenario, the state of Mato
Grosso is the largest agricultural producer in the Central West region, contributing
approximately 27% of the country’s total grain production. In the forest scenario, the country
also stands out with approximately 9.55 million hectares of planted tree crops and an average
annual productivity of 36.8 m3/ha. However, the state still has an incipient planted area despite
the high demand aimed at serving the agricultural sector for grain drying and energy generation.
In this context, the state of Mato Grosso has emerged as an option for investments in
commercial reforestation, leveraged mainly by the consumption of biomass to meet the
agroindustry’s thermal energy demand, especially that of ethanol from maize, a growing sector
in this region. This study aimed to develop a projection of forest-based biomass demand as
energy source in Mato Grosso. A literature review was conducted to present the use of this
biomass in the national and state energy mix, in addition to the energy analysis of the state and
its mesoregions. To determine the main uses and possibilities to expand its use in the state, the
agricultural and forestry scenarios were evaluated with a focus on energy generation, and based
on this information, the projections for timber demand were estimated. Thus, it is intended to
collaborate in the promotion of bioelectricity and the use of thermal energy as well as in the
development of a public policy to encourage the use of forest biomass in the production of
energy in the state of Mato Grosso.

Methodology: For the theoretical evaluation of wood demand, only the main agricultural
products that require drying, namely, soybeans and maize, were considered. For this purpose,
the existing scenarios were used to produce each type of crop for the next five years.

To calculate the wood demand projection for grain drying, the Annual Average Increase of 35.6
m3.ha.year was used for the dendrometric variable Total Volume with Bark, at 4.5 years; final
was adopted equal to 14%, volume of wood for drying soybeans being 0.0218 m3/t and, for
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maize, 0.0574 m3/t.

Preliminary results: The scenarios carried out in this work estimate that the demand for forest
biomass for the agricultural sector in the next five years will be 15,211,819 m3 of wood and
427,298 hectares of planted area (considering only the already available land, with no
deforestation).

Preliminary conclusions: Forest biomass use has increased as a source of thermal and
electrical energy that can promote greater sustainability and security of the national electricity
mix, thus meeting the targets for reducing Brazil's carbon emissions in the Paris Agreement and
meeting the targets set out in the National Policy on Climate Change law.

There are many challenges to the full establishment of sustainable eucalyptus plantations in the
state of Mato Grosso. However, its potential is considerable because the use of forest biomass
as an energy source is fundamental to the maintenance of other agribusiness production chains,
mainly for grain drying. In addition, the expected increase in maize production, aimed at the
ethanol market, promotes the forest planting of fast-growing species to produce solid biofuels
to meet the thermoelectric demand of this sector.

Leticia Beatriz Ueda Melo
University of S&o Paulo

Abstract Title: From Vinasse Pollution to Green Resource: Microalgae-Assisted Biomolecule
Accumulation and Toxic Compound Removal

Authors' Names & Affiliation Institutions of all authors (in order for publication): MELO,
L.B.U1,2,3; BORREGO, B.B.1,2,3; GRACIOSO, L.H.2,3; PERPETUO, E.A.1,2,3,4.

1 The Interunit Program in Biotechnology, University of S&o Paulo, 2415 Lineu Prestes Ave,
05508-000, Séo Paulo - SP, Brazil

2 Research Centre for Gas Innovation (RCGI-POLI-USP), University of S&o Paulo, 2231 Mello
Moraes Ave, 05508-030, S&o Paulo - SP, Brazil

3 Bio4Tec Lab, Environmental Research and Education Center (CEPEMA-POLI-USP),
University of Sdo Paulo, 271 km, Cénego Doménico Rangoni Rd, 11573-000 Cubat&o - SP,
Brazil

4 Institute of Marine Sciences (Imar - UNIFESP), The Graduate Interdisciplinary Program in
Marine Science and Technology (PPG-ICTMar), Federal University of S&do Paulo, 144 Dr.
Carvalho de Mendoncga Ave, 11070-100, Santos - SP, Brazil

24



Energy Transition ; Research Centre for
RESEARCH & INNOVATION N\ J Greenhouse Gas Innovation l | () p

Abstract: Vinasse is a by-product of first-generation ethanol production that is highly polluting
due to its toxic composition and large-scale production, which results in 15 liters of vinasse for
every liter of ethanol produced. To reuse this waste, biological treatment with microalgae is a
viable solution for eliminating toxic compounds present in vinasse and the simultaneous
production of biomass and/or molecules of commercial interest. This biomass is produced by
fixing carbon dioxide into carbon-storing molecules by converting light energy into water and
oxygen. In addition, stress conditions can be applied to stimulate the accumulation of molecules
of interest, such as carbohydrates and lipids, which can be used as biofuel feedstocks. Therefore,
the aim is to use a high concentration of vinasse as part of the microalgae culture medium and
verify the accumulation of molecules. In this study, two stress conditions, culture medium
containing 40% of vinasse and 40% of vinasse with 75% nitrate limitation, were tested to
evaluate the biochemical composition in terms of carbohydrate production (through acid
hydrolysis and HPLC analysis) and lipids (through Nile Red assay) of four microalgae strains
isolated from mangrove in Baixada Santista (B7, B9, D4, and MSCA4P). Moreover, the removal
of toxic metals such as aluminum, copper, and manganese were also evaluated. Growth
conditions were maintained at a light intensity of 185 umol m-2 s-1 for 24 hours daily with
0.04% CO2 bubbling. The results indicated that the 40% of vinasse condition promoted better
glucose production and lower lipid production than the 40% of vinasse condition and 75%
nitrate restriction. Strain B7 showed better efficiency in glucose production in 10 days (21%
w/w) and removal of toxic metals (16.5% Al, 10% Cu, 100% Mn), demonstrating the potential
to contribute to CO2 mitigation and removal of toxic compounds present in vinasse, in addition
to producing glucose, which could be used for third generation ethanol production.

Keywords: Bioproducts; Mangrove; Phycoremediation; Wastewater.

Introduction and Objectives: Vinasse is a by-product of first-generation ethanol production
that is highly polluting due to its toxic composition and large-scale production, which results in
15 litters of vinasse for every litter of ethanol produced. To reuse this waste, biological
treatment with microalgae is a viable solution for eliminating toxic compounds present in
vinasse and the simultaneous production of biomass and/or molecules of commercial interest.
This biomass is produced by fixing carbon dioxide into carbon-storing molecules by converting
light energy into water and oxygen. In addition, stress conditions can be applied to stimulate
the accumulation of molecules of interest, such as carbohydrates and lipids, which can be used
as biofuel feedstocks. Therefore, the aim is to use a high concentration of vinasse as part of the
microalgae culture medium and verify the accumulation of molecules.

Methodology: In this study, two stress conditions, culture medium containing 40% of vinasse
and 40% of vinasse with 75% nitrate limitation, were tested to evaluate the biochemical
composition in terms of carbohydrate production (through acid hydrolysis and HPLC analysis)
and lipids (through Nile Red assay) of four microalgae strains (B7, B9, D4, and MSC4P).
Moreover, the removal of toxic metals such as aluminium, copper, and manganese were also
evaluated. Growth conditions were maintained at a light intensity of 185 pumol m-2 s-1 for 24
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hours daily with 0.04% CO2 bubbling.

Preliminary results: The results indicated that the 40% of vinasse condition promoted better
glucose production and lower lipid production than the 40% of vinasse condition and 75%
nitrate restriction.

Preliminary conclusions: Strain B7 showed better efficiency in glucose production in 10 days
(21% w/w) and removal of toxic metals (16.5% Al, 10% Cu, 100% Mn), demonstrating the
potential to contribute to CO2 mitigation and removal of toxic compounds present in vinasse,
in addition to producing glucose, which could be used for third generation ethanol production.
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Abstract: In recent years, the escalating global emissions of carbon dioxide (CO2), primarily
attributed to the extensive consumption of fossil fuels, has given rise to critical environmental
concerns. To address this pressing issue, the conversion of CO2 into valuable chemical
compounds has gained prominence as a viable mitigation strategy. Among the various CO2
conversion approaches, the catalytic CO2 hydrogenation has emerged as a versatile and
promising option, albeit with challenges related to carbon-carbon coupling and CO2 adsorption.
In the present study, we synthesized Co-based catalysts via a wet impregnation process.
Different types of characterizations (such as H2-TPR, CO2-TPD, XRD) revealed the influence
of nitrogen and carbon species on Co-based catalysts, affecting the dispersion and reducibility
of cobalt particles. Furthermore, carbonaceous deposits on the catalysts were assessed through
02-TPO, as well as the impact of potassium on the carbon structures. In catalytic tests, the
introduction of potassium (K), nitrogen (N), and carbon (C) into the Co-based catalysts resulted
in enhanced CO2 conversion, with a notable shift towards methane (CH4) as the major product.
This study underscores the potential of Co-based catalysts enriched with N, C, and K as
effective agents in CO2 hydrogenation, offering a pathway towards important products while
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addressing the critical challenge of atmospheric CO2 reduction.

Keywords: Co-catalyst, N-doped carbon, CO2.

Introduction and Objectives: In recent years, there has been a substantial increase in global
carbon dioxide (CO2) emissions, resulting in a corresponding escalation of adverse
environmental consequences. This escalation is primarily attributed to the extensive utilization
of fossil fuels. In response to this pressing issue, the conversion of CO2 into valuable chemical
compounds has garnered significant attention as a viable mitigation strategy. Among the
various chemical transformations of CO2, the catalytic CO2 hydrogenation has emerged as a
particularly versatile and promising approach. However, several challenges persist, notably
pertaining to the precise control of carbon-carbon (C-C) coupling reactions and the efficient
adsorption of CO2 molecules. In the context of this research, we have undertaken the synthesis
of catalysts based on cobalt to systematically investigate the factors governing the CO2
hydrogenation process, with the ultimate goal of generating value-added chemical products.

Methodology: The catalysts were synthesized utilizing a wet impregnation process, following
the procedure outlined by Stemmler et al. In summary, cobalt(ll) acetate tetrahydrate was
combined with 1,10-phenanthroline in ethanol and stirred at a rate of 600 revolutions per minute
(rpm) for a duration of 1 hour. Subsequently, silica gel was introduced into the mixture, and
stirring was continued overnight at ambient temperature without the application of heat. The
liquid phase was then subjected to evaporation, resulting in the formation of a solid material,
which was subsequently subjected to pyrolysis at 800°C for a period of 2 hours under an inert
atmosphere. This catalyst was denoted as " (5wt%Co0)1.0(NC)2.0/SiO2". Adhering to a similar
methodology, three additional catalysts were prepared as follows: one without the inclusion of
1,10-phenanthroline, designated as "5wt%Co/SiO2"; another without 1,10-phenanthroline but
with the incorporation of potassium, designated as "K0.5(5wt%C0)1.0/SiO2"; and finally, one
with the simultaneous inclusion of both 1,10-phenanthroline and potassium, designated as
"KO0.5(5wt%C0)1.0(NC)2.0/SiO2". All synthesized catalysts underwent a comprehensive
characterization process encompassing analyses such as H2 temperature-programmed
reduction (H2-TPR), O2 temperature-programmed oxidation (O2-TPO), X-ray diffraction
(XRD), and CO2 temperature programmed desorption (CO2-TPD). Furthermore, these
catalysts were subjected to rigorous testing in the context of CO2 hydrogenation reactions to
assess their catalytic performance.

Preliminary results: The reducibility of the metallic species was evaluated through H2
temperature-programmed reduction (H2-TPR). This analysis revealed distinct reduction zones
occurring at approximately 350°C (corresponding to the reduction of Co304 to CoO) and at
400°C  (corresponding to the reduction of CoO to Co0). Notably,
KO0.5(5wt%C0)1.0(NC)2.0/SiO2 and (5wt%C0)1.0(NC)2.0/SiO2 exhibited broader reduction
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peaks, indicating that the incorporation of nitrogen and carbon species onto the Co-based
catalysts had the effect of reducing the uniformity of Co particles and enhancing their dispersion
within the catalyst matrix. The assessment of carbonaceous deposits on the catalysts was
conducted using 02 temperature-programmed oxidation (02-TPO).
KO0.5(5wt%C0)1.0(NC)2.0/SiO2 exhibited a primary oxidation peak at a lower temperature
compared to (5wt%Co0)1.0(NC)2.0/Si02, implying that the introduction of potassium (K)
slightly disrupted the carbonaceous structure. The results of the catalytic tests demonstrated that
the inclusion of potassium (K), nitrogen (N), and carbon (C) in the Co-based catalysts led to an
increase in CO2 conversion and favored the production of ethanol. Furthermore, the
predominant product shifted towards the formation of methane (CH4).

Preliminary conclusions: The substantial accumulation of carbon dioxide (CO2) in the Earth's
atmosphere stemming from the prolonged utilization of fossil fuels has created significant and
pressing environmental challenges. In this context, our study serves to illustrate that catalysts
based on cobalt (Co), with the incorporation of nitrogen (N), carbon (C), and potassium (K),
are promising candidates for studying interesting catalytic effects in the process of CO2
hydrogenation.

Jean Castro da Cruz
Institute of Chemistry, University of Sdo Paulo

Abstract Title: Development of catalytic pathways for CO2 transformation into chemicals
and materials
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Abstract: Environmental impacts related to the growing emission of greenhouse gases is a
global problem, and studies into capturing, storing and converting CO2 have been increasingly
sought after by the scientific and political community. The development of technologies for
converting CO2 can contribute to a carbon-neutral route, as well as enhancing its value in
chemical products and fuels. The CO2 hydrogenation reaction is a promising route for
producing hydrocarbons and higher alcohols (C2+OH). This reaction can take place in two
stages, in the first stage CO is formed via the reverse water-gas shift (RWGS) reaction, and in
the second stage the CO formed can be hydrogenated and lead to the formation of
hydrocarbons/oxygenates via Fischer Tropsch synthesis (FTS). However, for these reactions to
take place efficiently and selectively for hydrocarbons or alcohols, it is necessary to have
catalytic sites which, in addition to activating CO2, also perform the C-C coupling and do not
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dissociate the C-O molecule. It is therefore necessary to study and develop multimetallic
systems that contain these abilities. In addition, understanding the relationship between process
variables such as space velocity, temperature and pressure and catalytic activity is crucial to the
development of a highly selective catalytic system. This project aims to develop Fe-based
catalysts with the addition of transition metals (Cu), noble metals (Rh), and alkali metals (K,
Na, Cs), using innovative strategies for the synthesis and characterization of nanoparticles.

Keywords: CO2 Hydrogenation, Fe-based catalysts, higher alcohol synthesis

Introduction and Objectives: The catalytic hydrogenation of CO2 to chemical feedstocks has
emerged as a promising technology for recycling CO2 emitted from industries. The CO2
hydrogenation to higher alcohols (C2+) is interesting not only because of the high energy
density of the products, but also because they can be hydrogen carriers and fuels, as well as
precursors for basic chemical products such as olefins and reagents in the preparation of
plasticizers and detergents. Various Fe, Rh, Co, and Cu-based catalysts have been investigated
to produce higher alcohols, but catalytic systems with high efficiency are still a major challenge.
Thus, understanding and developing catalysts with a greater availability of active sites is highly
desirable. Fe-based materials, composed of a Fe+3/Fe+2 phase mixture, are responsible for
improving CO2 adsorption on the catalyst surface, due to possible oxygen vacancies.
Combining Fe with other metals (such as Rh, Pd, and Cu) is an excellent strategy, since Fe has
a low ability to activate CO via the non-dissociative route. Pd catalysts supported on Fe203
showed a selectivity to ethanol of 97.5%, while only Fe203 led to the formation of CO. The
results indicate that ethanol synthesis occurs via the CO insertion mechanism, where the Fe203
support transforms CO2 into CO via RWGS and Pd contributes to C-C coupling. Cu can
improve the catalytic activity of iron-based catalysts, in which the adsorption force, dissociation
energy, and hydrogenation of CO2 are modified by the proportion of Cu added. In addition, Cu
is known to have a high adsorptive capacity for CO*, which can be hydrogenated to CHO* and
subsequently coupled with the CnHx* species adsorbed on the Fe sites to form the C2+
products. In order to understand more about the control of selectivity to C2+ oxygenates,
atomic-level studies based on DFT calculations reveal that selectivity-determining steps in CO2
hydrogenation such as the insertion of CO into CHXx, and the hydrogenation of CHx species are
related to changes in the composition and structure of the material. Copper is a promising
candidate for increasing the selectivity of C2+ oxygenates in the presence of Rh; calculations
show that a Cu-decorated Rh alloy has significantly lower energy barriers in the CO insertion
step compared to Rh surfaces. Thus, it can be seen that there has been a growing interest in and
study of CO2 conversion in recent years; however, the selectivity to ethanol obtained is still
low, and the routes and active sites required for the hydrogenation of CO2 to higher alcohols
are unclear. Once the role of each active phase is understood, it will be possible to optimize the
catalyst and the process, selecting the best temperature, pressure, and pre treatment conditions
in order to find economically viable catalysts and processes.
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Methodology: The catalysts will be electronically and structurally characterized using various
techniques such as XAS, DRX, DRIFTS, SEM, TEM, XPS and TGA. The catalytic tests will
be carried out in the gas phase under atmospheric pressure conditions in the CatLab equipment,
in a fixed bed reactor, which can undergo heat treatments (25 - 1000°C) under different
atmospheres (H2, 02, CO2, CH4, C2H4, CO), in their appropriate proportions under a
continuous flow (controlled by flowmeters). The effluent gas will be analyzed by a gas
chromatograph coupled to a mass spectrometer (GC-MS Agilent). For reactions that require
high pressures, such as the direct conversion of CO2 to hydrocarbons and alcohols, the tests
can be carried out in Parr-type reactors (Series 5000 Multiple Reactor System), in batch mode;
and continuous flow reactions will be carried out in a reaction line with flow controllers (MKS),
with the capacity to operate at pressures of up to 30 bar and temperatures of up to 800°C.

Preliminary results: The results are under development.

Preliminary conclusions: After a literature review, it was decided to develop iron-based
catalysts modified with Cu and Rh for CO2 hydrogenation to higher alcohols

Giliandro Farias
Universidade de S&o Paulo

Abstract Title: A combined DFT and machine learning study to understand catalyst and
solvent effects on the conversion of CO2 into ethanol
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Abstract: The conversion of CO2 into valuable fuels and chemicals has drawn significant
attention due to the possibility of tuning the fuel yield and selectivity by changing the catalyst.
Over the decades, advances in theoretical and experimental methods have produced a
compendium of complex data containing valuable information on materials that can and
should be used to optimize reactions. In this work, our approach combines machine learning
methods and DFT data to screen catalysts and find the best candidate to use as a catalyst for
CO2 conversion. As previously reported, the C-C bond formation represents the pivotal step
to obtaining C2+ products of higher commercial interest, such as ethanol.

The C-C bond coupling is usually related to intermediates, such as C* and CO*. The elementary
reactions in transforming gaseous CO2 into these intermediates and side reactions can be used
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to find the most favorable reaction pathway as theoretical information from each elemental
reaction can be found in the literature for many catalysts, making it suitable for building a
dataset and train a machine-learning algorithm. Additionally, we performed DFT calculations
to improve the dataset, considering catalysts that already showed good experimental results,
mixtures of metals and single-atom supported by usual substrates. The selected catalysts will
be verified both theoretically and experimentally. Furthermore, we consider the impact of
solvent and alkaline metal cations, as they have been previously demonstrated to play an
essential role in these reaction pathways.

Keywords: CO2 conversion; C2+ products; ab initio calculations; machine learning.

Introduction and Objectives: The increased CO2 concentration in the atmosphere has caused
many issues, including the greenhouse effect, rising sea levels, and ocean acidification. Despite
significant efforts having been made over the last decades, CO2 concentration control and
efficient conversion remain challenging. Catalytic hydrogenation of CO2 using H2 produced
with renewable energy is considered a potential path forward for the sustainable control of CO2
and its conversion into valuable chemicals like lower olefins, higher hydrocarbons, formic acid,
methanol, and higher alcohols.

CO2 hydrogenation to products with at least two carbons (C2+) shares many reaction steps
during the CO2-modified Fischer-Tropsch synthesis (CO2-FTS) or MeOH-mediated
mechanisms. Various catalysts, including metals, metal oxides, metal carbides, and other metal
combinations, have been utilized for CO2 hydrogenation to C2+ . Catalyst supports also
significantly affect activity and selectivity due to the strong interactions between active phases
and the support.

Research using density functional theory (DFT) was conducted on several metallic surfaces to
investigate the mechanisms involved in CO2 reduction. The critical intermediates over these
catalysts, such as CO*, CH* and CH2* species, were identified. Furthermore, alkaline metals
can accelerate the O* release from the surface, enhancing the catalyst stability and promoting
the C-C coupling. Computational studies have already identified means of evaluating the
efficiency and selectivity of these metals for this type of reaction. In this way, computational
methods can indicate potential catalysts not yet experimentally evaluated for CO2 reduction
reactions, with the possibility of screening many new metals and their combinations in different
proportions, reducing the experimental efforts, costs, and environmental impacts involved.
Also, combining DFT and machine learning techniques has been used to explore catalytic
processes and reduce computational efforts. Allied with theoretical advances and machine
learning, there are growing efforts to create databases with information on common reactions
in catalytic processes.

In this project, our approach combines machine learning methods, DFT data from the literature,
and data to be calculated to create a theoretical database. The primary aim is to identify
promising new catalysts. The database will encompass a wide range of catalyst types, including
those with established favorable experimental results, mixtures of metals, common substrates,
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solvent effects, and the presence of alkaline metals, which have previously demonstrated their
pivotal roles in these reactions. The evaluation criterion for the potential catalyst will be through
the reaction energy, seeking the stabilization of the reaction intermediates. For known
intermediates like CH* and CO*, side reactions can be used to find the most favorable reaction
path to desired products like ethane or unwanted products like methanol.

Methodology: To implement a robust and accurate database, theoretical information on CO2
conversion reactions was initially collected in publicly available repositories such as the Open
Catalysis Project, Catalysis.Hub and Open Reaction. Calculations for populating the database
are being conducted within the DFT formalism using the Vienna Ab initio Simulation Package
(VASP) electronic structure code, using the BEEF-vdw exchange correlation functional, and
500 eV plane-wave cutoff. Gamma-centered k-point meshes of 6 x 6 x 1 were used, with a 0.15
eV Fermi smearing. The PAW method was used to describe the effect of core electrons. Spin-
polarized calculations were performed only for alloys containing Fe, Ni, Co, and Mn, allowing
magnetic moments to converge during the electronic structure optimization. All structures were
relaxed until the forces acting over each atom were smaller than 0.01 eV A-1. The Climbing
Image Nudged Elastic Band (CI-NEB) approach will search transition states along the reaction
pathways. The solvent effects will be included using the VASPsol module. The code
implementation of this project involves a series of Python code steps to construct a
comprehensive database and apply machine learning techniques for CO2 conversion reactions.
Initially, the code converts reaction expressions into SMARTS (Simplified Molecular-Input
Line-Entry System) notation. This process enables a more effective representation and handling
of reactions. The Chem BERT (BERT for chemistry) model converts the SMARTS
representation into a form that can be used to train a machine-learning model. This process
turns the complex representation of the chemical reaction into a vector of tokens that capture
chemical and structural relationships. The generated tokens were used to train a Support VVector
Regressor (SVR) to predict properties such as energy.

Preliminary results: In the initial stage, a literature review was carried out to understand the
conversion mechanisms of CO2 (g) to C2+. The surfaces of the catalysts to be studied were
listed. In this sense, 37 pure metals and semi-metals were considered, and their 25%, 50%, and
75% combinations resulted in 1998 bimetallic combinations. Reactions involving metals
supported on substrates have also shown high potential as catalysts. As a result, we are
including reactions of metallic atoms on surfaces such as Al203, SiO2, ZrO2, TiO2, CeO2,
La203, MgO, Nb205, and carbon derivatives such as graphite. The effect of adding alkali
metals and the solvent effect was also considered in constructing the database. By considering
these criteria, with the literature review, a database was built with already known elementary
reactions, wit approximately 50 thousand reactions. The calculations were started for ten
intermediaries listed as necessary to describe a first mechanism route. Currently, calculations
for CH* and CH2* intermediates are being processed. We performed some validations using
data already reported in the literature. First, the reaction energy on a copper surface (111) was
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compared using another computational code and correlation-exchange functional. Our results
showed slightly higher energy values.

Based on the initial observations of the DFT calculations, it was possible to confirm the trend
observed experimentally where metals such as Fe, Co, and Ni stabilize CH* and CH2*
intermediates. In contrast, noble metals do not stabilize them. Moreover, during our screening
process, we found other metals not explored for CO2 conversion into C2+, which can stabilize
CH* and CH2* intermediates, such as Al, Cr, Hf, Sc, Ta, Tc, V, and W. To be an excellent
candidate as a catalyst for CO2 conversion, a good starting point is stabilizing the intermediates
before C-C bond formation. However, we must still analyze other parameters, such as H* and
O* stabilization, the energetic barrier to C-C bond formation and solvent effects. Although our
results are still Preliminaryy, they show this work's higher potential to indicate new catalysts
that can be used for CO2 conversion into olefins. To significantly reduce the timescale to scan
all possibilities parallel to the DFT calculations, we are building and optimizing a machine
learning algorithm to predict the energy of elementary reactions. The finalization of the machine
learning algorithm and the DFT calculations is still necessary to point out new catalysts for
capturing and using CO2 (g). However, some evaluations and calculations need to be
performed.

Preliminary conclusions: Until this moment of the project, we have successfully identified the
intermediaries and promising paths for C2+ products in the literature. The DFT calculations for
species of a route are already being processed and indicate that little or unexplored metals for
converting CO2 (g) are new possibilities for efficient catalysts. The database for training the
machine learning model to predict the adsorption energy on metallic surfaces currently
comprises approximately 50,000 reactions. The code is in its evaluation stage, where we are
seeking the best possible accuracy in predicting the energies of the reaction. In the following
stages of the project, the objective is to continue building the database and obtain data for the
other routes and mixtures of metals. Additionally, we plan to assess other effects, such as the
presence of common supports used experimentally, as well as solvent and ion effects usually
present in heterogeneous catalysis and little explored from a theoretical point of view.

Dyovani Bruno Lima dos Santos
University of S&o Paulo

Abstract Title: Exploring the Impact of Various Supports on K-Promoted Molybdenum-Based
Catalysts for CO2 Hydrogenation Reaction
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Abstract: CO2 hydrogenation is a key process for reducing CO2 emissions. Ethanol is among
the valuable products generated in this reaction, with numerous potential applications.
Nevertheless, this reaction involves a complex reaction mechanism, and the choice of the
catalyst is crucial for the optimal performance. In this study, we focused on evaluating the
performance of K-promoted molybdenum active phase supported on three different materials
(Si02, Ce02, and ZrO2) for CO2 hydrogenation. In general, the primary products formed were
CH30OH and CO. Among these materials, the KMoP/ZrO2 catalyst exhibited the highest
methanol selectivity (25.2%). This can be attributed to the acid nature of zirconia support,
which favors the formation of CHx species on the catalyst surface. Conversely, KMoP/CeO2
exhibited the highest CO formation, likely due to the oxygen lattice mobility inherent to this
type of support. In addition, we evaluated the KMoP/ZrO2 at a higher reduction temperature
(800°C), leading to the formation of additional products, including ethanol and hydrocarbon
such as CH4 and C2+ species. Therefore, both choice of support and reduction temperature
plays pivotal roles in determining the production distribution and selectivity of molybdenum-
based catalyst in the CO2 hydrogenation.

Keywords: molybdenum; ceria; zirconia; silica; ethanol; reduction temperature; methanol.

Introduction and Objectives: Converting CO2 into high-value products has been considered
an excellent alternative for mitigating CO2 emissions and, consequently, environmental
damage. One of the main products in focus is ethanol, which can serve as a versatile chemical,
an additive in gasoline, a standalone fuel, or be further transformed into various other products.
CO2 hydrogenation is one of the promising pathways for ethanol production. Nevertheless, this
route is complex and depends on several variables, such as reaction conditions and catalyst. In
general, the product distribution encompasses C1 species like CH30H, CO and CH4, as well
as C2+ species such as alkanes, alkenes, and higher alcohols. Thereby, selectivity is governed
by the type of C-O activation and how C-C chain growth occurs in the reaction mechanism. To
enhance ethanol selectivity, the catalyst composition assumes pivotal significance, as it needs
to minimize undesirable parallel reactions, such as the RWGS and the formation of long-chain
hydrocarbons. Metals commonly employed as active phases for this reaction include copper,
iron, rhodium, zinc, and molybdenum. In this context, we focus on the use of molybdenum due
to its high resistance to sulfur and sintering effect, low-cost and its propensity to favor linear
alcohol formation. In the literature, the molybdenum has been exploited in various form, such
as metallic Mo, MoO3, MoS2, 3-Mo2C, and MoP. Additionally, it has been reported that the
synthesis of higher alcohols is promoted by the addition of an alkali metal, such as potassium
and sodium. These metals, mainly potassium, have the capacity to adsorb CO in a non-
dissociative way on the catalyst surface, facilitating its direct hydrogenation into alcohols.
Furthermore, in general, these promoters can influence the reaction mechanism by favoring
methanol synthesis, carbon chain growth and/or ethanol formation. Specifically concerning
molybdenum, potassium has the capacity to alter the valence state of the molybdenum species
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on the catalyst surface, thereby increasing ethanol production. The support also plays an
important role in CO2 hydrogenation. It can have positive effects on the active phase and/or
participate in the reaction, thereby altering the product distribution. These effects include
stabilizing the active phase and promoters, facilitating hydrogen/oxygen mobility, exchanging
electrons with the metallic sites, modifying dispersion, and improving reducibility. Therefore,
our study investigates the activity and selectivity of K-MoP-based catalysts for CO2
hydrogenation using three different supports (CeO2, SiO2, and ZrO2). We aim to evaluate how
these supports influence product distribution and catalytic performance in ethanol synthesis.

Methodology: The catalysts were synthesized using the incipient wetness impregnation. Proper
amounts of tetrahydrate ammonium molybdate ((NH4)6Mo07024.4H20) and ammonium
phosphate ((NH4)2HPO4) were impregnated on commercial supports (SiO2, Ce02, and ZrO2).
The materials were dried at 120°C in oven for 12h. After that, the resulting material were
calcined at 500 °C for 5h. The nominal composition was 10%K-30%MoP/SiO2, 10%K-
30%MoP/Ce02, and 10%K-30%MoP/ZrO2. Prior the catalytic test, the materials were reduced
at 500°C for 1 h under H2 (20 mL/min). The CO2 hydrogenation reactions were performed in
a fixed bed reactor at 300°C, 20 bar, H2:C0O2=3, and total flow of 20 mL/min (GHSV = 4000
mL/gcat h). The final products were analyzed with GC-MS from Agilent.

Preliminary results: We tested three different supported catalyst for CO2 hydrogenation at
300°C, 20 bar, and H2:CO2 molar ratio of 3 during 18 h of time on stream (TOS). The results
indicated that all catalysts produced methanol and carbon monoxide. The average selectivities
were calculated based on the last 5 hours of the experiment. In general, the selectivity for
CH30H was 9.1%, 17.8%, and 25.2%, while the selectivity for CO was 90.9%, 82.2%, and
74.8% for KMoP/Ce02, KMoP/SiO2, and KMoP/ZrOz2, respectively. The CO2 conversion of
all the catalysts remained below 1%. It is noteworthy that the choice of different supports had
an significant impact on the selectivities of CH30H and CO, which could be attributed to the
characteristics of each support. Silica, as support, has an inert character, making it suitable as a
reference material to assess the catalytic activity of molybdenum phosphate. In comparison with
KMoP/SiO2, catalysts containing CeO2 and ZrO2 as support exibited higher and lower
selectivity to CO, respectively. The higher selectivity of ceria-containign catalysts to carbon
monoxide can be explained by ceria’s strong ability to donate /exchange to donate/exchange
oxygen to the reaction atmosphere. On the other hand, the acid characteristic of ZrO2 supports
tends to produce more CHx species, which are subsequently oxygenated to form CH30H,
explaining the higher selectivity. Temperature-Programmed Reduction (TPR) experiments
revealed that the ZrO2 supported catalyst exhibited peaks at higher temperatures compared to
the other catalysts. Considering this result, we investigated how the reduction temperature
influences the performance of KMoP/ZrO2. In a Preliminaryy result, we reduced the catalyst at
800°C under the same total flow. Under this new reduction condition, the catalyst produce not
only CO and CH3OH, but ethanol and hydrocarbon, including CH4 and C2+ products. In this
condition, the molybdenum may be in the metallic state, potentially contributing to this altered
product distribution. An in situ XRD study will be conducted to identify all the phases are
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formed during the reduction process and correlate them with the catalytic performance.

Preliminary conclusions: n this work, we investigated the influence of support materials and
reduction temperature on catalytic activity in CO2 hydrogenation. We only identify two
products: CH30OH and CO, each exhibiting different selectivity patterns depending on the
choice of support. Notably, the KMoP/ZrO2 catalyst demonstrated the highest methanol
selectivity, making it a strong candidate for catalyst implementation. Furthermore, we observed
that subjecting this catalyst to a higher reduction temperature (800°C) resulted in modifications
to the catalyst phases. These modifications made it possible for ethanol and hydrocarbon (CH4
and C2+ species) to form during the CO2 hydrogenation.

Adolfo Lopes de Figueredo
University of Sdo Paulo (USP)

Abstract Title: Tuning catalytic hydrogenation of fumaric acid with supercritical CO2 for GBL
and THF production
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Abstract: The selective production of products of interest to the chemical industry such as y-
butyrolactone (GBL), tetrahydrofuran (THF), and 1,4-butanediol (BDO) from the catalytic
hydrogenation of fumaric acid (FA) is an interesting reaction in the field of biomass
valorization. These products can be considered as molecular construction bioplatforms, serving
as starting points for numerous synthesis processes. From a green chemistry perspective, water
and CO2 would be ideal solvents, although achieving good conversion rates and selectivity in
these reaction media can be a challenge for this hydrogenation reaction, even when an
appropriate catalyst is employed. In this context, this process was studied using a palladium-
rhenium on silica (Pd-Re/SiO2) catalyst. The catalyst was synthesized through sequential wet
impregnation and characterized using X-ray diffraction (XDR), temperature-programmed
reduction (TPR), inductively coupled plasma (ICP), transmission electron microscopy (TEM),
and surface area and pore volume analysis. The products of the reactions were identified using
gas chromatography with flame ionization detection (GC-FID) and high-performance liquid
chromatography with refractive index detection (HPLC-RID). Supercritical CO2 was employed
as the reaction medium for process optimization, varying the pressure between 105-300 bar
under temperature conditions of 60-250 °C. Finally, the solvent was evaluated considering the
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reaction selectivity, where methanol was also used under conditions of 60-250 °C and 10-300
bar. GBL was produced with 89% selectivity under optimized conditions of 188 °C, 41 bar of
H2, and 250 bar of total pressure, using water as a solvent. Supercritical CO2 also proved useful
in minimizing the production of by-products during the hydrogenation of GBL, increasing the
concentration of GBL and succinic acid in the medium. Changing the solvent had a significant
effect on product selectivity, favoring specific reaction pathways. The use of MeOH favored
the formation of THF, with a selectivity of 83% under conditions of 175 °C and 50 bar of H2.
In MeOH, good conversions and high selectivity for THF at low temperatures were observed,
achieving 94% selectivity at 120 °C and 50 bar of H2. The addition of CO2 to the medium
maximized the selective production of THF while inhibiting by-products of GBL
hydrogenation, achieving 97% selectivity for THF under conditions of 175 °C, 50 bar of H2,
and 150 bar of total pressure. It was also observed that varying the partial pressure of CO2
combined with reaction temperature allowed for the reaction to occur in one or two phases,
resulting in interesting changes in the final product composition in the medium. For example,
the reaction in methanol under conditions of 175 °C and 250 bar of total pressure maximized
the production of THF, achieving a selectivity of 91.2% in a single phase. These results
contribute to the advancement of the study of this process for flow implementation.

Keywords: Fumaric Acid; Sustainable Chemistry; Experimental Design; Palladium-Rhenium;
Iridium-Rhenium; Supercritical CO2.

Introduction and Objectives: The essential energy and raw materials for chemical and
material production primarily come from fossil fuels such as oil, natural gas, and coal. Although
these resources have driven development, they are highly polluting, finite, and unevenly
distributed. To address this issue, recent research has focused on cleaner and renewable energy
sources, with biotechnology and "green chemistry" standing out. Biomass, a sustainable source
of organic carbon, has the potential to replace oil in the production of fuels and chemicals.
However, its chemical complexity requires strategies involving simpler biomass substrates as
building blocks. Fumaric acid (FA) is an example of a green, renewable, and versatile raw
material that can be transformed into various products, including 1,4-butanediol (BDO),
gamma-butyrolactone (GBL), and tetrahydrofuran (THF). Its production is increasing in
biorefineries, becoming an alternative to petrochemical products. Global markets for FA, BDO,
and GBL are expanding. GBL is a crucial industrial chemical used in cleaning products,
strippers, and as a precursor for other chemicals. Currently, GBL is produced from maleic
anhydride, depending on petrochemical raw materials, making it vulnerable to price
fluctuations and environmental impacts. The use of supercritical carbon dioxide (CO2-SC) as
a reaction/solvent medium has the potential to enhance the hydrogenation of compounds,
providing greater efficiency and selectivity. However, its use with carboxylic acids, such as FA,
is an underexplored area. CO2-SC offers advantages such as safety at larger scales, operation
under moderate conditions, and environmentally friendly properties. The addition of water to
this system can accelerate reactions in which hydrogen is a reactant. Research aims to optimize
GBL production from fumaric acid, a renewable resource, using CO2-SC as a solvent. This has
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the potential to improve the efficiency and sustainability of GBL production, contributing to
the transition to cleaner and renewable energy sources in the chemical industry.

Methodology: The catalyst was synthesized by sequential wet impregnation of PdCI2 and
Re207 onto SiO2, and characterized using X-ray diffraction (XDR), temperature-programmed
reduction (TPR), inductively coupled plasma (ICP), transmission electron microscopy (TEM),
and surface area and pore volume analysis. The hydrogenation of fumaric acid (FA) was carried
out in a 10 mL batch reactor using a biphasic system. The liquid phase consisted of a 1 mL
aqueous FA solution at a concentration of 1 mg/mL, while the gas phase contained 9 mL of H2
and CO2 at various pressures. Prior to introducing H2 and CO2, the reactor was purged with
N2 for 5 minutes. In reactions using a mixture of H20 and MeOH as solvents, the FA
concentration was 10 mg/mL. After pre-reducing 10 mg of catalyst in situ using H2 at 300 °C,
an aqueous FA solution was introduced into the reactor, and exposure to air was prevented. The
reactor was pressurized with H2 at 50 °C, then heated to the reaction temperature, followed by
pressurization with CO2. The reaction mixture was continuously stirred at 300 rpm for 20 hours.
At the end of the reaction, samples from both the liquid and gas phases were collected and
analyzed using gas chromatography with flame ionization detection (GC-FID) and high-
performance liquid chromatography with refractive index detection (HPLC-RID).

Preliminary results: The products of the reactions were identified using gas chromatography
with flame ionization detection (GC-FID) and high-performance liquid chromatography with
refractive index detection (HPLC-RID). Supercritical CO2 was employed as the reaction
medium for process optimization, varying the pressure between 105-300 bar under temperature
conditions of 60-250 °C. Finally, the solvent was evaluated considering the reaction selectivity,
where methanol was also used under conditions of 60-250 °C and 10-300 bar. GBL was
produced with 89% selectivity under optimized conditions of 188 °C, 41 bar of H2, and 250
bar of total pressure, using water as a solvent. Supercritical CO2 also proved useful in
minimizing the production of by-products during the hydrogenation of GBL, increasing the
concentration of GBL and succinic acid in the medium. Changing the solvent had a significant
effect on product selectivity, favoring specific reaction pathways. The use of MeOH favored
the formation of THF, with a selectivity of 83% under conditions of 175 °C and 50 bar of H2.
In MeOH, good conversions and high selectivity for THF at low temperatures were observed,
achieving 94% selectivity at 120 °C and 50 bar of H2. The addition of CO2 to the medium
maximized the selective production of THF while inhibiting by products of GBL
hydrogenation, achieving 97% selectivity for THF under conditions of 175 °C, 50 bar of H2,
and 150 bar of total pressure. It was also observed that varying the partial pressure of CO2
combined with reaction temperature allowed for the reaction to occur in one or two phases,
resulting in interesting changes in the final product composition in the medium. For example,
the reaction in methanol under conditions of 175 °C and 250 bar of total pressure maximized
the production of THF, achieving a selectivity of 91.2% in a single phase.

Preliminary conclusions: The results obtained in this study provided a better understanding of
the biomass valorization process through catalytic hydrogenation reactions of biomass-derived
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molecules using supercritical CO2 and palladium-rhenium as a catalyst. The use of CO2-SC as
a reaction medium facilitated the selective production of economically important products for
the chemical industry from the catalytic hydrogenation of fumaric acid (Ac.FUM), acting as a
modulator of catalytic properties, similar to the use of the solvent MeOH. Its use promoted the
formation of THF as a product.

Jorge Andrés Mora Vargas
University of Sdo Paulo, Institute of Chemistry of Séo Carlos, Séo Carlos, SP

Abstract Title: Synthesis of New Polyurethanes from Biomass-derived Monomers

Authors’ Names & Affiliation Institutions of all authors: Jorge A. M. Vargas, Jessica R. da
Silva, Antonio C. B. Burtoloso - Institute of Chemistry of Sdo Carlos, University of Sdo Paulo,
Sé&o Carlos, Séo Paulo, CEP 13560-970, Brazil.

Abstract: Polyurethanes (PU) are an interesting class of polymeric materials extensively
employed in a variety of industries. Conventionally, they are synthesized by the polyaddition
reaction between polyols and diisocyanates, typically from petroleum-derived sources. The
work presented herein showcases the synthesis of new PU using biomass-derived monomers.
Four new diols were obtained in good yields from 5-(chloromethyl)furfural or CMF (an
interesting carbohydrate-derived platform molecule) and dithiols. Subsequently, the
polyaddition reaction between these new diols and different diisocyanates was carried out
employing organocatalysis as an alternative to the conventional tin-based catalysts.

Keywords: Biomass, Polyurethanes, 5-(chloromethyl)furfural.

Introduction and Objectives: Polyurethanes (PU) are an important class of polymeric
materials used in several industries as foams, coatings, elastomers, and more. Their synthesis
is conventionally performed by the polyaddition reaction between diols and bis-isocyanates
monomers in the presence of some catalyst. However, these raw materials are predominantly
derived from petroleum-based sources. An alternative approach to prepare these monomers is
the use of biomass-derived platforms. For example, 5-(chloromethyl)furaral (CMF), which is
easily prepared from fructose, has become an interesting substrate for the synthesis of
monomers, fuels, and sustainable chemicals. In this work, CMF was employed as the starting
material for the synthesis of new polyurethanes containing sulfur in their structure.
Additionally, the polyaddition reaction was studied by employing organocatalysis (for example,
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)) as an interesting alternative to the use of tin-based
catalysts, which are difficult to remove from the PU and has high costs.
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Methodology: Synthesis of PU from biomass-derived monomers Initially, the nucleophilic
substitution reaction between CMF and dithiols was carried out in the presence of triethylamine

and tetrabutylammonium iodide giving the corresponding dialdehydes as the key intermediates.
Then, these intermediates reacted with sodium borohydride, providing the desired diols. Four
new compounds were obtained using this protocol. Subsequently, the polyaddition reaction
between these diols was studied using different diisocyanates and 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) as the catalyst.

Preliminary results: A new method to synthesize diol monomers, containing sulfur atoms, was
developed from fructose. Twelve new polyurethanes were synthesized by the polymerization
reaction between these diols and commercially available diisocyanates. All the polymers were
well characterized using nuclear magnetic resonance (RMN), infrared spectroscopy (IR), and
thermal gravimetric analysis (TGA).

Preliminary conclusions: New protocol for the synthesis of different diol monomers,
containing sulfur atoms, was developed under mild reaction conditions from fructose. These
diols were also employed for the synthesis of new biobased polyurethanes by the polyaddition
reaction with commercially available diisocyanates.

Giovanni Rodrigues Morselli
University of Sdo Paulo

Abstract Title: Interactions between CO2 and superbase in ionic liquids probed by vibrational
spectroscopy

Authors' Names & Affiliation Institutions of all authors:
Giovanni Rodrigues Morselli - Instituto de Quimica, Universidade de Sdo Paulo Rémulo
Augusto Ando - Instituto de Quimica, Universidade de Séo Paulo

Abstract: Alternative solvents are currently being investigated as media to capture and convert
carbon dioxide (CO2), given the corrosive, toxic and volatile properties of traditional amine
aqueous solutions used in the CO2 scrubbing process. lonic Liquids (ILs) are a highlighted
class of solvents exhibiting properties as non-volatility, non-flammability and a wide solvent
capacity. To enhance CO2 capture efficiency, ILs can be functionalized by incorporating task-
specific moieties into their molecular structure or by mixing them with a task-specific
compound, such as a superbase - a class of reactive nitrogen bases which are unstable in its pure
form or in aqueous solutions. Therefore, the main objectives of this work are: to efficiently
capture CO2 by functionalizing ILs through the mixture with the superbase DBU (1,8
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diazabicyclo(5.4.0)undec-7-ene), to investigate the interactions between functionalized IL and
CO2 through vibrational spectroscopy, i.e., Raman and infrared (IR), and to determine the CO2
sorption mechanism. A series of three ILs, 1-ethyl-3-methylimidazolium thiocyanate
(EmimSCN); 1-ethyl-3- methylimidazolium bis(flurosulfonyl)imide (EmimFSI); and 1-ethyl-

3-methylimidazolium tricyanomethanide (EmimTCM) were tested at the molar ratio 2:1
(IL:DBU). At ambient conditions, high CO2 sorption capacities were evidenciated for the three
mixtures: 120,6; 65,5 and 66,6 mg/g for EmimSCN-DBU, EmimFSI-DBU and EmimTCM-
DBU, respectively. When considering the sorption capacities values in the units of mol CO2 /
mol DBU, it is found 1,34; 1,39 and 0,84, respectively. In view of the acidic character of CO2,
this quasi-stoichiometric values suggests a direct association CO2-DBU playing a major role in
the sorption process. This is supported by spectroscopic results where the disappearence of the
C=N stretching band of DBU, at 1613 cm-1 in the Raman spectrum, occurs with CO2 sorption.
Also, the CO2 bending mode, c.a. 740 cm-1 in the Raman spectrum, is observed for the mixtures
of EmMIimSCN and EmimTCM, and it is expected only when CO2 molecule is strongly
interacting with other species.

Keywords: CO2 capture, superbase, vibrational spectroscopy

Introduction and Objectives: Research on carbon dioxide (CO2) capture by condensed-phase
systems have been focusing its efforts to develop alternative media showing thermal and
chemical stability, non-volatility and more recently, the suitability to convert the gas in situ into
high-value-added products. The traditional method to sorb CO2, based on amine aqueous
solution, shows drawbacks as degradation, losses caused by volatilization, and reactor
corrosion. lonic Liquids (ILs) and Deep Eutectic Solvents (DESs) have emerged as promising
candidates due to its desirable properties.

lonic liquids are solvents composed uniquely by ions. Deep eutectic solvents comprise a class
of solvents that are prepared by the eutectic mixture of a hydrogen bond donor (HBD) with a
hydrogen bond acceptor (HBA), and are considered analogous to ILs due to their shared
properties. In DESs, there is a significant decrease in the eutectic melting temperature due to
the hydrogen bond network formed between its components. The wide range of DESs that can
be prepared is due to the enormous number of combinations between HBAs and HBDs, which
are being explored for the production of solvents capable of efficiently capturing and converting
CO2. In fact, a range of mixtures between ILs and molecular compounds may be classified as
DESs, which is the strategy to be followed by this work. A novel approach consists in using
superbases — a class of strong nitrogen bases - to prepare functionalized DES for this
application, since CO2 exhibits an acidic character. Neat superbases are unstable compounds,
S0 in order to assure its reactivity towards CO2 it is crucial to form a stable mixture. Various
reaction pathways may be followed during the reaction between CO2 and superbases, but the
main one involves the formation of the carbamate adduct. Although the adduct is dissociable,
its formation facilitates the subsequent conversion of CO2. The presence of water in the
medium transforms carbamates into bicarbonates and carbonates, which may be undesirable
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when aiming to obtain high-value-added products. Despite some interesting results of CO2
capture by functionalized mixtures in the literature, our understanding of the underlying
mechanism and interactions remains rudimentary. Therefore, vibrational spectroscopy - Raman
and IR - will be utilized to elucidate the nature of the CO2 sorption process in novel mixtures
IL-superbase capable of efficiently sorbing substantial amounts of CO2 at ambient conditions.

Methodology: A series of three ionic liquids, 1-ethyl-3-methylimidazolium thiocyanate
(EmimSCN); 1-ethyl-3- methylimidazolium bis(flurosulfonyl)imide (EmimFSl); and 1-ethyl-
3-methylimidazolium tricyanomethanide (EmimTCM) were tested in mixtures with the
superbase 1,8- diazabicyclo(5.4.0)undec-7-ene (DBU) at the molar ratio 2:1 (IL:DBU). The
CO2 sorption capacities were determined and the infrared and Raman spectra were obtained for
the neat mixtures and CO2-saturated mixtures.

Preliminary results: At ambient conditions, high CO2 sorption capacities were evidenciated
for the three mixtures: 120,6; 65,5 and 66,6 mg/g for EmimSCN-DBU, EmimFSI-DBU and
EmimTCM-DBU, respectively. When considering the sorption capacities values in the units of
mol CO2/mol DBU, itis found 1,34; 1,39 and 0,84, respectively. In view of the acidic character
of CO2, this quasi-stoichiometric values suggests a direct association CO2-DBU playing a
major role in the sorption process. This is supported by spectroscopic results where the
disappearence of the C=N stretching band of DBU, at 1613 cm-1 in the Raman spectrum, occurs
with CO2 sorption. Also, the CO2 bending mode, c.a. 740 cm-1 in the Raman spectrum, is
observed for the mixtures of EmimSCN and EmimTCM, and it is expected only when CO2
molecule is strongly interacting with other species.

Preliminary conclusions: The investigated mixtures have demonstrated high efficiency in
capturing CO2 at ambient conditions. Aditionally, a strong association between CO2 and the
superbase has been evidenciated, which is expected to be stabilized by the ionic liquid,
regardless of the anion.

Gabriel Silveira dos Santos
Fundamental Chemistry Department, Institute of Chemistry University of Sdo Paulo.

Abstract Title: Development of new deep eutectic solvents from low molecular mass
hyperbranched polyglycerols associated with superbase for carbon dioxide absorption.
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Abstract: Intense emissions of gases such as carbon dioxide (CO2) increase the greenhouse
effect and affect the Earth's average temperature. Climate changes, ecological imbalances, and
other phenomena harmful to the environment can occur due to these temperature variations. A
series of strategies, such as carbon capture, are developed to reduce the impacts of these
emissions. Deep eutectic solvents (DES) have emerged as environmentally friendly candidates

for CO2 absorption compared to other traditional methods, such as aqueous solutions of
ethanolamine and its derivatives and applications with ionic liquids.

DES are liquid mixtures at low temperatures, composed of two or more substances whose
molecules interact with each other through hydrogen bonds, providing an intense reduction in
the melting point of the mixture. DES precursors can be simple, low-cost substances, generally
less toxic to the environment. The reduction in melting point occurs due to the interaction
between a hydrogen bond donor (HBD) molecule, such as alcohols, amines and carboxylic
acids, and a hydrogen bond acceptor (HBA) molecule, such as organic salts, such as choline
chloride (ChCl). To increase the affinity of DES for CO2, other substances can be added to the
mixture, and HBD or HBA can be functionalized. Superbases, in general, are known for their
affinity with CO2 and have been used in DES formulations from simpler molecules. Larger
molecules, such as hyperbranched polyglycerols (PGOH), can be used as HBD due to the high
density of functional groups in the polymer chain. PGOH has multiple hydroxyl groups along
the chain and is a good option for the synthesis of DES.

This work aims to present the results of the synthesis of DES using low molecular mass
hyperbranched polyglycerols as hydrogen donors and choline chloride, among other organic
salts, as hydrogen acceptor. Ternary mixtures containing superbases will also be presented to
evaluate DES formation and CO2 absorption. The bases used are 1,4-diazabicyclo [2-2-2]
octane (DABCO), 1,5- Diazabicyclo(4.3.0)non-5-ene (DBN) and 1,8-Diazabicyclo(5.4.0
)undec-7-ene (DBU). CO2 absorption was evaluated by bubbling the samples with pure CO2
and the mass variation was determined using an analytical balance. We gratefully acknowledge
the support of the RCGI — Research Centre for Greenhouse Gas Innovation, hosted by the
University of S&o Paulo (USP) and sponsored by FAPESP — S&o Paulo Research Foundation
(2020/15230-5;2014/50279-4) and Shell Brasil, and the strategic importance of the support
given by ANP (Brazil’s National Oil, Natural Gas and Biofuels Agency) through the R&DI
levy regulation.

Keywords: CO2 absorption, deep eutectic solvents, hyperbranched polyglycerol, superbase.

Introduction and Objectives: High levels of carbon dioxide in the atmosphere are harmful to
the environment. Therefore, new materials are developed to capture CO2 and reduce its effects
on the planet. Deep eutectic solvents are potential candidates for this purpose. They are mixtures
formed by two or more molecules that, after interacting with each other, molecularly, have a
lower melting point than their precursors. DES can be associated with other molecules to
increase their affinity for CO2.
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Methodology: Low molecular weight polyglycerols were synthesized via the ring-opening
polymerization reaction of glycidol with trimethylolpropane as the nucleus. The salts used were
choline chloride, tetrabutylammonium chloride and cetrimonium chloride. The superbases used
were 1,4-diazabicyclo[2- 2-2]octane (DABCO), 1,5-Diazabicyclo(4.3.0)non-5-ene (DBN) and
1,8-Diazabicyclo(5.4.0 Jundec-7-ene (DBU). CO2 absorption was determined by bubbling CO2
gas at ambient pressure in the samples and the mass variation was determined using an

analytical balance.

Preliminary results: In general, the mixtures have relatively high viscosity and good thermal
stability. The DES showed different absorption capacities for CO2 during the bubbling
experiment. In some cases, the liquid became opaque, whitish and in others, precipitates formed
along the DES. Some desorption tests were carried out using nitrogen gas bubbling.
Preliminary conclusions: The different DES mixtures showed different absorption capacities.
It is possible to observe the fundamental role of DES that contain superbase in their
composition. DES with superbase have greater absorption capacity than those without. There
is probably formation of carbonate or carbamide during CO2 bubbling.
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Abstract: This research proposal addresses the growing rise of Distributed Energy Resources
- Behind the Meter, DER-BTM, focusing on photovoltaic generation, and the resulting
operational challenges for the electrical grid. The main objective of the research is to evaluate
strategies for optimized local control of photovoltaic converters and energy storage systems,
intending to expand both the hosting capacity and the integration of distributed energy
resources. The study aims to examine different scenarios, contemplating the hosting capacity
of DER-BTM with due consideration of the restrictions imposed by distribution companies.
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Furthermore, more comprehensive control solutions will be reviewed, considering
technological maturity and capital and operational costs, as reported in the current literature. A
methodology will be developed based on the results obtained to explore control strategies to
optimize hosting capacity in a test network. The central focus is to analyse how control
adjustments can positively impact the integration capacity of distributed energy resources
(DERs). It will investigate how to optimize these controls to allocate distributed resources
strategically. Therefore, the optimization method used aims to find an optimized local
management that maximizes the hosting capacity of the DERs.

Keywords: Distributed Energy Resources, Hosting Capacity, Optimized Local Control,
Photovoltaics.

Introduction and Objectives: Incorporating renewable energy sources into the global energy
matrix has experienced a notable increase in recent years. The global expansion of the
integration of decentralized energy sources, emphasizing distributed generation (DG), finds its
justification in the pressing need for compliance with environmental policies, the growing
concern about climate change, and technological advances. According to Energy Research
Company (EPE) information, the increase in Distributed Energy Resources (DER) is causing a
profound transformation in electrical systems. These systems operate predominantly with large-
scale resources, resulting in centralized energy generation. This change in the paradigm of the
electrical system is driving the need to adopt new approaches in planning the expansion and
operation of electrical networks, especially in distribution networks. Despite the advantages,
the broad adoption of DER raises concerns about the energy distribution system. This
significant integration changes how these systems operate, increasing the complexity of the
challenging process of maintaining the network within its operational limits. To realize the
gains resulting from incorporating these distributed resources and ensure adherence to the
distribution network's energy quality standards, safety, and operational limitations, it is
essential to conduct a series of studies to analyse and evaluate different scenarios. This approach
will allow the identification of adverse effects arising from this integration and the proposition
of viable solutions to adapt and increase the insertion of der in the network. DG is one of the
components of a broader set of DERs. Accompanying DG, there are also energy storage systems
and fuel cells. In the current context of Brazil, there is a predominance of distributed
photovoltaic generation. It is important to emphasize that conventional distribution feeder
design practices did not consider the large-scale presence of DER. The maximum capacity of
DERs that a given distribution feeder can accommodate without generating technical problems
or requiring changes to the infrastructure is called hosting capacity.

Within this context, the need to create methods and tools to assess the accommodation capacity
of these feeders is highlighted. Various calculation approaches and tools have been proposed
and developed in recent years. This project aims to develop a methodology to investigate
strategies for optimized local control of photovoltaic converters and energy storage systems to
expand the hosting capacity and integration of DERSs.
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Methodology: The methodology focuses on situations in which DERs are connected at the end
of the meter, being recognized as DER-BTM. The purpose of this methodology lies in
developing a strategic control method called DER-SA. This method aims to improve the
planned and efficient allocation of DERSs. Its primary focus is to expand the hosting capacity of
medium voltage power distribution feeders through the optimized local integration of DERS
into the system. The optimization will be carried out using specific software and control
strategies for photovoltaic converters, considering the predefined test network for the study.

Preliminary results: This study is currently in the Preliminary phase of conducting a literature
review, and as of now, it has not generated any Preliminary findings or drawn any initial
conclusions.

Preliminary conclusions: This study is currently in the Preliminaryy phase of conducting a
literature review, and as of now, it has not generated any Preliminary findings or drawn any
initial conclusions.
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Abstract Title: Development of a Type 111 generator model for electrical resonance studies in
wind farms
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Abstract: In recent years, the levels of electricity production from wind power generation have
been on the rise in Brazil and worldwide. Nevertheless, most electrical power systems need to
be more adequately prepared to accommodate the intricacies of technologies employed within
the sector. The Doubly Fed Induction Generator (DFIG) has gained widespread adoption due
to its inherent advantages, mainly its ability to effectively control speed and power flow.
However, the interaction between the DFIG's impedances and the series or parallel
compensators within the transmission system can trigger detrimental events that affect the entire
network and connected devices. This study is centered on the development of a Type 111 wind
turbine (WT) model, which proves instrumental in investigating

prevention and damping techniques for subsynchronous resonance (SSR) and high-frequency
resonance (HFR). Extensive computational simulations of electromagnetic transients are
undertaken to comprehend the nature of these events, demanding substantial computational
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resources and a highly qualified engineering workforce. The research's primary objectives
include mitigating the risk of equipment damage and contributing to potential updates in
Brazil's regulatory framework for wind power plant (WPP) implementations, thus ensuring the
sustained growth of wind energy generation while safeguarding system reliability and
performance.

Keywords: resonance, wind turbine, DFIG, FACTs.

Introduction and Objectives: Over the past two decades, the installed capacity of electrical
power from renewable sources has seen a significant increase worldwide. The primary drivers

of this trend are solar and wind-based generations, with the last one being the focus of this
research. A commonly used system is the Doubly Fed Induction Generator (DFIG) or Type il
Wind Turbine Generator (WTG), which employs electronic converters to ensure maximum
power transfer during generation and better frequency control at the system output. However,
this type of device can assume negative equivalent resistance for specific frequencies. The
interaction between inductive and capacitive loads in the power system leads to resonances,
typically damped by loads and devices connected to the grid. However, due to the
aforementioned phenomenon, the interaction of the DFIG with compensating devices
compromises the damping of these resonances. Two scenarios are studied: weakly damped
resonances (WDR) and undamped resonances (UR). The first incident related to resonances
was observed in 2009 in Texas and was published by the Institute of Electrical and Electronics
Engineers (IEEE) in 2012. Sub-synchronous resonance (SSR) interactions, which are
resonances below the system's fundamental frequency, between the equipment of a WPP and
the series compensator devices of the connected transmission line reached detrimental levels
for the involved electrical system as a whole. On the other hand, high-frequency resonances
(HFR) are typically related to shunt compensators. After the events in Texas and other incidents
in different WPPs worldwide, both conditions began to be studied through mathematical models
that describe the system in the time domain based on simulations that require high
computational costs. Even with such efforts, there are no standard techniques for detecting and
mitigating the harmful effects of both phenomena on the system. In this context, this work aims
to contribute to the search for appropriate solutions to the resonance management problem in
wind farms. A WTG Type Il model will be developed to help establish systematic
methodologies to prevent and mitigate these phenomena. Furthermore, project results will
support potential improvements to park connection regulations established by Brazil's National
Electric System Operator (ONS).

Methodology: The methodology employed for the project's development entails, commencing
from the state-of-the-art, comprehending the operation of Type Il wind turbines. Following
this, utilizing the computational software Matlab/Simulink, a mathematical model of the
generator is simulated in the time domain to explore its interaction with a test grid equipped
with compensation devices. Subsequently, a simplified frequency-domain model is crafted
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using the OpenDSS software to investigate resonance interactions.

Preliminary results: The project is currently in the literature review phase to comprehensively
understand the DFIG system and the impact of resonances on it.

Preliminary conclusions: The project is currently in the literature review phase to
comprehensively understand the DFIG system and the impact of resonances on it.
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Abstract: This work presents a pioneering approach to fuel cell optimization that utilizes a
cost-effective pseudo 3D multilayered model, enabling concurrent anode and cathode
optimization. The model encompasses key equations for electrochemistry, species transport,
fluid flow, energy conservation, and membrane water transport, employing a finite element
model for efficient computation. Optimization, utilizing the adjoint method with automatic
differentiation, focuses on maximizing power generation while ensuring uniform current
density distribution. A density-based approach, using a gradient-based interior point algorithm,
yields diverse optimized topologies based on different objective weights. Practicality is
demonstrated through post-processing and 3D-printing of optimized prototypes, promising
enhanced fuel cell efficiency and cost-effectiveness across various industries. Join us at the
congress for an in depth exploration of this transformative approach with applications in energy
and transportation.

Keywords: Fuel Cell, Topology Optimization, Pseudo-3D, Finite Element

Introduction and Objectives: The increasing demand for clean energy sources has promoted
a big endeavor for low-emission and high-efficiency energy-conversion devices, such as fuel
cells. The polymer electrolyte membrane fuel cell (PEMFC) fits these demands with a high
energy density and practicality, given that it can be used for stationary and portable applications.
olymer electrolyte fuel cells are complex, multilayered devices with noticeable variations in
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layer thickness. Conducting three-dimensional (3D) simulations of these cells becomes
challenging due to the need for an appropriate number of elements to achieve mesh-independent
results and accurately represent the physics occurring in each layer.

Recent works implemented a 3D model and a pseudo-3D (P3D) model for a single channel
PEMFC. Their results show a good agreement between variable fields and polarization curves
while the P3D runs 40 times faster than the complete 3D.

This work proposes the topology optimization of the PEMFC by using a computationally viable
pseudo 3D model. To demonstrate the effectiveness of the proposal, various scenarios are
analyzed considering a multi-objective function composed of power generation maximization
and current density homogenization.

Methodology: A pseudo-3D model is used to perform the topology optimization of the anode
and cathode flow fields simultaneously. The model considers all the physics involved, including

electrochemistry, species transport, multiphasic fluid flow, energy conservation, and membrane
water transport.

Preliminary results: Optimized topologies regarding the maximization of power generation
are numerically compared with a baseline case. Then, the methodology for the post-processing
and 3D-printing of a prototype are shown.

Preliminary conclusions: The proposed model considers a multiphase water behavior and has
been shown to be an efficient way to solve the fuel cell design problem. The optimization
process resulted in a cathode-anode topology pair that has a significant improvement in the
current density homogenization.

Luiza Buscariolli
Federal University of ABC (UFABC)

Abstract Title: Methodologies for Resonance Analysis in Power Systems with Wind
Generation

Authors’ Names & Affiliation Institutions of all authors: Luiza Buscariolli (UFABC), Ahda
Pionkoski Grilo Pavani (UFABC).

Abstract: The connection of wind generation to power systems poses challenges to maintaining

the safe operation of these networks. Events reported in different power systems have raised
concerns related to the sub-synchronous resonance due to interactions of control loops of the
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converters employed in wind power plants with elements of the power grid. The analysis of this
phenomenon is complex, as it requires detailed models of the generation plants, including the
controls used in both the converters and the plant, including not only the converter and plant
level control parameters but also the analysis of operating conditions and possible grid
configurations. Additionally, most analyses are carried out using electromagnetic transient
simulations (EMT), which are simulations with high computational burden. As the sub-
synchronous resonance due to converter-interfaced generation is a relatively recent
phenomenon, the current methods still require improvement to be applied in large systems at
connection points with multiple plants with generation connected by converters. In this
scenario, this project aims to develop methodologies to identify the risk of sub-synchronous
resonance in power systems with high penetration of wind generation, for planning or real time
operation applications.

Keywords: Resonance, Sub-synchronous oscillations (SSO), Power Systems Stability, Wind
Generation.

Introduction and Objectives: Sub-synchronous resonance has been gaining prominence in the
technical/scientific community due to occurrences reported in different countries. The
phenomenon of resonance due to wind power plants is associated with two situations: 1) the
interaction of converter controls with the series compensation of transmission lines and 2)
interactions between converter controls in weak networks, that is, networks with low short
circuit power. Another relevant point is that the risk of instability due to resonance is impacted,
in addition to control parameters and filters, by the operating conditions of the wind plant and
network topology [1]. Several events related to the phenomenon have been reported in electrical
networks in several countries, and a report was recently published describing the events and
highlighting the importance of investigating the causes associated with the phenomenon, as
well as mitigation actions [2]. The document, published in 2022, reports events that occurred
in the United States, Canada, Australia, China and the United Kingdom, which occurred under
specific operating conditions, the risk of which had not previously been assessed or identified.
As this is a relatively recent problem (first formally reported in 2009), there is a lack of well-
established and well-accepted techniques in the industry to detect and mitigate this
phenomenon, both in weak and unstable damping situations. Faced with the challenges related
to the integration of generation connected by converters, this paper aims to develop
methodologies for stability analysis due to electrical resonance. The specific objectives are: 1)
Investigate and identify the main causes of the resonance event and the critical scenarios where
such an event can be initiated. 2) Analyze wind farm and electrical system parameters with the
greatest impact on resonance risk. 3) Develop methodologies for identifying the risk of
resonance in a wind farm, based on the characteristics (topological and operational) of the park
and the electrical system to which the park is connected. 4) Develop techniques to mitigate the
risk of resonance occurring in a wind farm.
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Methodology: The execution of this project is based on the development of models and
analysis through computer simulations. The simulations of EMT type in time domain will be
carried out in MATLAB, using the SimPowerSystems. In terms of mapping operating
conditions, methodologies associated with Artificial Intelligence can be applied to indicate
critical conditions for stability due to resonance both for analysis, in the planning phase, and
for operation. In the analyses, wind turbines of type 4 will be used associated with the most
susceptible or risky conditions for the occurrence of resonance.

Preliminary results: The expected result is the development of methodologies for the analyses
of the risk of instability due to resonance in systems with wind generation. At first, type 4 wind
turbine will be considered. The propose methodology can then be applied in the planning and
operation of the electrical power systems.

Preliminary conclusions: It is possible to verify a growing number of publications proposing
the improvement of analysis techniques and identification of instability or oscillations due to
resonance caused by generation connected by converters. Information such as wind plant
capacity, active power injected by the plant, short-circuit power level of the connection point,
line series compensation level and network topology can be used to estimate the risk of system
instability. Furthermore, available measurements can also complement this information, both
for short-term planning and real-time operation. Once the risk of instability is characterized,
actions aimed at minimizing this risk can be taken, such as changing the network topology,
switching series compensation capacitors and changing the control mode of wind plants.
Unlike, for example, conventional systems, with generation connected by synchronous
generators, in which modal analysis is typically used for this purpose, the equations in the state
space of converter interfaced generation systems are complex and, for reasons of industrial
secrecy, the models provided by manufacturers for EMT-type simulations are closed (or black-
box). Another critical condition is related to systems with multiple converters connected,
although plants are usually represented by their equivalents, situations in which there are plants
with different generators or controls or even different plants connected at a common point of
access to the transmission system, they must be represented by more than one equivalent, which
can limit the application of well-known mitigation techniques.

Maria Paula de Souza Rodrigues
Institute of Chemistry — University of Sdo Paulo.

Abstract Title: Utilizing MnO2 Nanowires as Cathodes in Sodium-lon Batteries Employing
Water-in-Salt Electrolytes
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Authors’ Names & Affiliation Institutions of all authors: Maria Paula de Souza Rodrigues
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Abstract: Sodium-ion batteries (SIBs) are promising prospects for energy storage due to
sodium’s abundance and electrochemical properties similar to lithium. Nonetheless, the
development and implementation of SIBs present certain challenges, and it is necessary to
develop highly efficient electrode materials to achieve optimal performance. In this way, we
aim at synthesizing MnO2 nanostructures for use as positive electrodes in sodium-ion batteries
employing water-in-salt-electrolytes (WISE). The MnO2 synthesized exhibits a nanorod
morphology with a thickness of approximately 52 nm. Our Preliminaryy results from charge-
discharge galvanostatic experiments showed high coulombic efficiency and an initial storage
capacity of 152 mAh g-1.

Keywords: Aqueous electrolytes, sodium-ion batteries, MnO2, nanowires, cathode material

Introduction and Objectives: The extensive use of fossil fuels has a major environmental
impact worldwide, making it urgent to employ and further develop environmentally friendly
energy sources and energy storage systems. Lithium-ion batteries (LIBs) are widely used in
portable devices owing to their high energy density; nonetheless, their high price and scarcity
limit their application in large-scale energy storage systems. Consequently, the replacement of
LIBs is imminent, and a promising substitute for these systems is sodium-ion batteries (SIBs)
due to the abundance of sodium and its similar electrochemical properties to lithium. However,
the development and implementation of SIBs present certain challenges. Sodium-ion is larger
than lithium-ion, which limits its diffusion during insertion or extraction into/from the host
material. Therefore, it is crucial to develop electrode materials with excellent electrochemical
properties and capable of hosting Na+ ions in their structure in a rapid and reversible manner.
Manganese dioxide (MnO2) emerges as a promising cathode material for SIBs, due to its
abundance, high reversible capacity, and facile Na+ diffusion pathways. Although MnO2 has
been extensively studied for SIBs, there are few researchers exploring its application in SIBs
employing water-in-salt electrolytes (WISE). The advantage of using WISE is its aqueous
nature, which is more environmentally friendly when compared to the organic electrolytes
extensively used in portable batteries. Therefore, in this study, we synthesized MnO2 nanowires
for use as cathodes in sodium-ion batteries employing water-in-salt electrolytes. These
nanowires are interesting due to their nano-sized structure, which may facilitate the Na+
diffusion process.

Methodology: MnQO2 synthesis followed a procedure from the literature. The electrodes were
prepared by dispersing MnO2 nanorods, carbon black and poly(vinylidene fluoride) binder
(PVDF) in N-methyl-2-pyrrolidone (NMP) to form a slurry. The resultant slurry was pasted
onto a carbon coated aluminum foil using a doctor blade. The electrochemical measurements
were carried out using three-electrode Swagelok cells and two electrode coin cells (CR2032-
type). In WISE, Pt was used as the reference electrode (for the three electrode cells) and carbon
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was used as the counter electrode. In organic electrolytes, sodium was used as both reference
(for the three-electrode cells) and counter electrode. A glass microfiber (Whatman) was used
as separator in all cases. Cyclic voltammetries and charge-discharge galvanostatic curves were
registered.

Preliminary results: We synthesized MnO2 nanorods with a thickness of approximately 52
nm. The XRD and Raman data showed that MnO2 presents an alpha-phase. Galvanostatic
charge-discharge curves were registered using a water-in-salt electrolyte and our system
showed a high coulombic efficiency with an initial storage capacity of 152 mAh g-1 (0.05C,
15.4 mA g-1).

Preliminary conclusions: MnO2 showed a promising application in SIBs with WISE,
nonetheless further studies need to be performed to verify its cyclability and performance when
compared to commercial MnO2 and organic electrolytes.

Mario Oleskovicz
University of S&o Paulo.

Abstract Title: Fault location of onshore wind farm collector network based on artificial
intelligence and drone supervision ("faultAlfinder")

Authors’' Names & Affiliation Institutions of all authors (in order for publication):
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Abstract: Thus, this research project aims to develop a hybrid system composed of intelligent
diagnosis of faults (detection, classification, and location) and drones for aerial supervision.
The system is classified as a hybrid because it combines different intelligent techniques to

53



Energy Transition Research Centre for
RESEARCH & INNOVATION N\ J Greenhouse Gas Innovation l | () p

perform short-circuit diagnosis to exploit the strengths of each one of them, in addition to aerial
supervision by drones. Signal pre-processing tools will be investigated for fault detection,
classification, and location. Next, some of the techniques based on Artificial Intelligence (Al),
such as machine learning, will be evaluated and used to diagnose the fault situation that was
faced. In addition, once the fault is located, an aerial drone will be activated to collect images
of the exact location of the fault situation. They will be transmitted to the maintenance team for
the correct planning of correcting the disturbance in medium voltage aerial feeders. The results
of applying the hybrid system will provide greater agility in the fault location process, reducing
the downtime of wind farms due to short-circuit shutdowns and providing greater security to
the maintenance team.

Keywords: Onshore wind farm; Hybrid system; Intelligent diagnosis of faults; Drones for
aerial supervision

Introduction and Objectives: This project's main objective is to develop an efficient system
for diagnosing faults in medium voltage feeders of onshore wind farms, with support and
refinement of results through images captured by aerial drones. The method to be developed
will provide the maintenance team with information about the exact location of the fault and
the recognition of the physical elements at the site through high-definition images and thermal
images, thus aiming to reduce the time to locate the short-circuit and the unavailability of wind
farms.

Methodology: This proposal was planned to be executed in 36 months, considering six main
stages, aiming to provide agility during its development. Within each step, intermediate and
complementary steps will be carried out simultaneously by different team members who will
join in due course. Initially, Stage 1 will have two fundamental activities: computational
modeling of the medium voltage overhead and underground power system and the test wind
farm for fault diagnosis; and modeling of medium voltage aerial feeders in a virtual
environment to simulate drone navigation. In Step 2, from the modeled test system, all scenarios
of interest will be generated in an electromagnetic transient simulation program, providing
information (data) for the development of fault detection and classification techniques (Step 3)
and the Al-based fault location algorithm (Step 4). Next, Steps 3, 4, and 5 will correspond to
the development of a large part of the research, having two main work fronts: (1) development
of fault detection, classification, and location methods, and (2) development of drone navigation
methods and image processing algorithms. Step 6 will comprise tests in a controlled
environment of the complete system, that is, the diagnosis of faults in the drone's aerial
visualization and navigation system.

Preliminary results: For the moment, the main stages associated with the development of the
project concern the literature review concerning the test system to be used, the detection,
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classification and location of the fault, and the application of drones in the aerial supervision of
electrical power systems. Therefore, the initial results reflect what was found in related
literature, focusing on onshore wind farms, and which are related to the previously mentioned
steps. However, there are still no conclusive aspects to be reported.

Preliminary conclusions: The initial results reflect what was found in related literature,
focusing on onshore wind farms related to the test system to be used, the detection,
classification and location of the fault, and the application of drones in the aerial supervision of
electrical power systems. Unfortunately, there are still no conclusive aspects to be reported.

Marilin Mariano dos Santos
Institute of Energy and Environment / University of Sdo Paulo (USP)

Abstract Title: Long-term offshore systems based on large floating structures: Challenges
and Opportunities for Brazil

Authors' Names & Affiliation Institutions of all authors (in order for publication): Thaiz da
Silva Vescovi Chedid; Institute of Energy and Environment/USP Romario de Carvalho Nunes;
Institute of Energy and Environment/USP Marilin Mariano dos Santos; Institute of Energy and
Environment/USP Hirdan Katarina de Medeiros Costa; Institute of Energy and
Environment/USP Gustavo Roque da Silva Assi; Institute of Energy and Environment/USP
Edmilson Moutinho dos Santos; Institute of Energy and Environment/USP.

Abstract: Large floating structures or “Very Large Floating Structures” (VLFS) can be defined
as artificially constructed floating structures for the maritime environment. VLFS can be used
for the creation of airports, hotels, cities and even for industrial or power generation purposes,
through shipping plants to main gas processing plants, or offshore electrical generation. The
VLFS structures to be analyzed in this project proposal are designed to be installed in high-
depth maritime environments, typical of where the main offshore oil and gas (O&G) exploration
and production occurs in Brazil, with specific references to the areas of pre-salt polygon and,
particularly, those associated with CNOOC's main O&G producing assets in Brazil, that is, the
Blzios and Libra fields. VLFS-type solutions attract the attention of engineers, architects and
urban planners because they provide ecological and interesting solutions in the form of creating
“habitable areas” in maritime regions. In this research, such solutions are considered in the field
of integrated planning for a broader energy, mineral and economic exploration of oceanic
resources. VLFS-type structures are then conceived as central elements to compose Greener
Offshore Hubs, that is, hubs for offshore activities, which allow integrated exploration of
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maritime resources, through more sustainable economic exploration routes with a lower carbon
footprint. The methodology adopted was bibliographical research, obtaining direct and indirect
data from official bodies, in addition to research in scientific literature, using the deductive
method. The results point to the use of VLFS in the pre-salt polygon due to the abundant
potential supply of energy, in the form of combustible gases, which, to date, have proven
difficult to be transported to the Brazilian coast or for export. These large floating structures
can then be designed for future integrated offshore natural gas processing, CO2 conversion,
LNG liquefaction or offshore electricity generation projects, as well as for offshore fuel storage
and as a CO2 injection hub in offshore CCUS systems. To date, they have proven difficult to
transport to the Brazilian coast or for export. These large floating structures can then be
designed for future integrated offshore natural gas processing, CO2 conversion, LNG
liquefaction or offshore electricity generation projects, as well as for offshore fuel storage and
as a CO2 injection hub in offshore CCUS systems. To date, they have proven difficult to
transport to the Brazilian coast or for export. These large floating structures can then be
designed for future integrated offshore natural gas processing, CO2 conversion, LNG
liquefaction or offshore electricity generation projects, as well as for offshore fuel storage and
as a CO2 injection hub in offshore CCUS systems.

Keywords: Floating Structures; oil and gas; energy; VLFS, greener offshore hubs.

Introduction and Objectives: Very Large Floating Structures (VLFS) are floating parcels of
land constructed artificially by man in the sea. These structures are similar to giant plates
floating on the sea surface, which are classified as semi-submersible or floating (SH Lin and
CM Wang, 2015). Semi-submersible floating structures are elevated above sea level using
columns or structural ballast elements to minimize the effects of waves while maintaining a
constant buoyancy force. Thus, they can reduce wave-induced movements and are therefore
suitably deployed in high seas with large waves. Floating oil drilling platforms used for oil and
gas drilling and production are typical examples of semi-submersible VLFSs (SH Lin and CM
Wang, 2015; CM Wang; ZY Tay, 2011). In contrast, floating-type structures sit at sea level like
a giant plate floating on water. These structures are suitable for use in calm waters only,
generally within a cove or lagoon and close to shore. Large floating structures were called
Mega-Floats by Japanese engineers (SH Lin and CM Wang, 2015; CM Wang; ZY Tay, 2011).
If in the past, in addition to maritime transport, the offshore business was dominated by the oil
industry, in more recent years companies venturing into the seas have become more diversified.
Very large floating structures (VLFS) have attracted the attention of architects, urban planners
and engineers because they provide an interesting and environmentally friendly solution for
creating land from the sea. The applications of VLFS such as floating piers, floating hotels,
floating fuel storage facilities, floating stadiums, floating bridges, floating airports and even
floating cities have triggered extensive research studies over the past two decades (CM Wang;
ZY Tay, 2011). In Brazil, given that natural gas production in 2019 was on the order of 139
million m3/day, with an increasing trend towards 2029, reaching levels of around 253 million
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m?3/day, the installation of VLFS in areas Pre-salt oil emerges as an alternative for monetizing
natural gas reserves at the production site since the flow of exploited gas is complex and
expensive due to the distance from the location (EPE, 2020). In this sense, the objective will be
to explore the challenges for implementing VLFS projects in Brazil, taking into account
technical-economic feasibility, construction aspects and legal and technological challenges for
construction and installation. The various opportunities to be explored in Brazil with VLFS
projects will also be the subject of this study, such as integrated offshore natural gas processing
projects, CO2 conversion, liquefactionTheLNG or generationTheoffshore electricity, offshore
fuel storage and injection hubTheCO2 in offshore CCUS systems.

Methodology: The methodology adopted was bibliographical research, obtaining direct and
indirect data from official bodies, in addition to research in scientific literature, using the
deductive method. In this way, bibliographical reviews will be carried out focusing on the use
of VLFS structures to compose HUBS and/or offshore production clusters, on initial economic
modeling to study the echnical-economic feasibility of VLSF structures and on constructive
aspects and technological challenges for construction and installation of VVLSF structures. The
study also consists of the description of international cases of HUBS and/or clusters, which will
later be analysed and modelled under an economic bias with application in Brazil. The
technological, constructive and logistical challenges of VLSF will be highlighted and
application opportunities in the country will be analysed.

Preliminary results: Preliminary studies showed important opportunities for implementation
in Brazil. There is a floating one that combines offshore wind, solar and hydrogen energy
solutions, including a storage island, along the lines of the conceptual framework project
proposed by Spain's ACCIONA. Due to the country's port conditions and limitations, as well
as efforts to develop cabotage activities, the Offshore Port concept also proved to be viable for
the country, with important benefits for Offshore Hubs, such as projects developed by Bechtel.
Applications of VLFS were also identified in the context of scientific research, defense, energy
generation and installation of industrial units or floating electrical generation. The study also
identified important development opportunities in the academic area, especially in Brazil.
Through a survey carried out through the Scopus database (in June 2022), which results in only
559 documents published since 1978, although there has been a recent increase in publications
on the topic. In Brazil, only one publication related to the topic was identified, in which a free
vibration analysis of thick square plates was carried out using the boundary element method
(BEM). Their results help to analyse hydroelastic issues of VLFS, which are usually modelled
as free-edge plates. Most publications on Very Large Floating Structures are concentrated in
Asian countries, with emphasis on Japan, China and Singapore, which alone constitute almost
three quarters of the total documents.

Preliminary conclusions: Basic conceptual aspects must be studied, including, among others,
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technological mapping of existing and/or under design installations; characterization of
technologies applicable to the deep marine environment; logistical aspects, with the
possibilities of energy supply and other facilities for these infrastructures, as well as logistical
difficulties for their construction and installation. Furthermore, analyse some essential
construction elements, including a discussion about the materials needed to execute these
installations, as well as identify technological challenges of these solutions that still deserve
additional research. Preliminary models will be developed to enable assessments of the
economic and financial viability of these projects to begin. For these analyses, the models will
focus on the reality of offshore O&G production in Brazil, as suggested above. In fact, it is
understood that the creation of a long-term system, through the construction of VLFS, opens
up technological alternatives for using natural gas available in remote offshore fields, with high
concentrations of gas, such as those in the pre-salt region, since gas becomes an abundant and
viable source of energy, available locally, to sustain the proposed operations for the VLFS.
Considered a disruptive approach, this work is also dedicated to raising possible gaps in the
normative and regulatory fields, both within the Brazilian legal environment and in the
experiences of international law. Based on legal and normative mappings, it is possible to
propose instruments that need to be designed in Brazil so that the country can house VLFS-type
structures in the future,

Marilin Mariano dos Santos
Institute of Energy and Environment/USP

Abstract Title: Strategic route for CO2 transportation in the state of Rio de Janeiro

Authors' Names & Affiliation Institutions of all authors (in order for publication): Ivana
Flores Luthi, MSc; NTS - Nova Transportadora do Sudeste S/A Marilin Mariano dos Santos,
PhD; Institute of Energy and Environment/USP.

Abstract: The present study seeks to contribute to the discussion of the importance of defining
strategic routes for CO2 transport in the Brazilian carbon capture and storage (CCS) scenario.
To this end, a case study was developed to define a CO2 transport route, evaluating the Brazilian
oil and gas infrastructure and its compatibility and availability for use in the CCS system.
According to the 2019 Indicative Plan for Processing and Flow of Natural Gas (PIPE), in Brazil
the national net production of natural gas should increase from 59 million m3/day in 2018 to
147 million m3/day in 2030. Consequently, the installation of new natural gas processing and
transportation infrastructures or the expansion of existing ones will be imperative to enable the
monetization of natural gas production projected for the coming years. Based on this
information, it is unfeasible to design the transport of CO2 through existing natural gas
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pipelines, since the existing structure already operates at full capacity and, therefore, urgent
expansions are anticipated. Thus, the case study addressed will be dedicated to the
establishment of a strategic route for the transport of CO2 resulting from the production of
nitrogen fertilizers that uses natural gas as a raw material. It was also defined that a CO2 capture
hub would be installed from sources other than the fertilizer plant. The definition of the location
of the capture hub considered the CO2 emissions inventory of the State of Rio de Janeiro and,
based on it, the Duque de Caxias region was defined for the installation of the capture hub, as
it has an extensive network of natural gas and, in addition, it is an industrial region with the
highest annual CO2 emissions, reaching approximately 24 million tons of CO2EQ per year. In
this scenario, the captured CO2 will be stored in a depleted offshore oil and gas production
field. Furthermore, with the scenario analyzed, it was concluded that it is necessary to install a
new gas pipeline to transport CO2, covering a strategic route of approximately 180 km on land
and 210 km on the high seas. The onshore gas pipeline begins in the region of Duque de Caxias,
RJ, and ends near Tecab, in Macaé, RJ, taking advantage of the existing Dasduc 111 gas pipeline
corridor, which also has terminations in the regions of Duque de Caxias and Tecab (Macae).
The construction of a new gas pipeline within an existing corridor can result in a cost reduction
in the project. In the case of the offshore route, it originates in the Macaé region and ends in the
Roncador field, in the Campos basin, whose CO2 storage capacity is approximately 265
MTCO2. If 16 additional fields are considered in the Campos basin, the CO2 storage capacity
can reach around 950 MTCO2. It is worth mentioning that the construction of the offshore route
can take advantage of the mobilization and infrastructure of upcoming offshore oil and gas
exploration projects in the pre-salt region.

Keywords: Transport CO2, Route Strategic, Brazil CCS.

Introduction and Objectives: Although there is much debate about the dangers of excessive
fertilizer use on a global scale and the environmental pollution it generates, it is known that
fertilizers have played an essential role in feeding the world's growing population. Currently,
81% of the world's ammonia production is destined for the manufacture of nitrogen fertilizers,
whose main raw material is ammonia, which uses hydrogen produced from the catalytic
reforming of natural gas, resulting in the production of hydrogen and CO2. In 2018, global
ammonia production was around 176 Mt, responsible for around 1.8% of global carbon dioxide
emissions. Brazil uses, directly or indirectly, around 4% of the world's ammonia production in
the form of fertilizers. Of this, around 80% is imported.

In view of this scenario and the need to monetize pre-salt natural gas, the aim of this work is to
study the location for the installation of a nitrogen fertilizer production plant and a strategicroute
for transporting the CO2 resulting from the manufacture of fertilizer by pipeline to the storage
site in the Campos Basin, i.e. the plant will use blue hydrogen to produce ammonia.

Methodology: The study methodology was the elaboration of a case study from the
information obtained in the bibliographic review. In the bibliographic review process,
institutional reports and scientific documents were consulted. In this document, information on
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production and consumption of fertilizers and ammonia; production, consumption and logistics
of natural gas in Brazil and finally information about CO2 emissions in the state of Rio de
Janeiro. were researched.

Preliminary results: The proposed strategic route for transporting CO2 captured at the
fertilizer plant and region will be approximately 180 km of onshore pipeline and 210 km of
offshore pipeline. A shorter offshore route could be achieved, resulting mainly in lower
implementation costs, if it departed from the Porto do Acu region, in the municipality of Séo
Jodo da Barra / RJ, instead of the Macae region. This route would have a length of
approximately 130 km until reaching the Roncador field, however, when studying CO2
transport, the entire CO2 capture and storage chain must be evaluated. The offshore route that
departs from the Macaé region (beginning) and heads towards the central region of the Campos
Basin will, in the future, enable interconnections to be made, thus allowing other depleted
reservoirs in this basin to be connected and used for CO2 storage. Studies show that CO2
storage capacity can increase from approximately 265 MtCO2 to 950 MtCO2, if another 16
reservoirs in the Campos Basin are added. This also applies to the possible depleted reservoirs

in the Santos Basin, since it is located on the Brazilian coast just below the Campos Basin. As
for the onshore route, it allows capturing CO2 from the metropolitan region of Rio de Janeiro
and, in the future, adding it to the northern region of Rio de Janeiro. When thinking about a
route from the Port of Acu region, the ability to establish a CO2 capture hub in the main
industrial region of the state of Rio de Janeiro is lost.

Preliminary conclusions: However, it is necessary to plan strategic routes for transporting
CO2 to the storage point. The study shows that advance planning can help reduce costs and
predict the best location for the transport hub and injection of captured CO2.

Isabela Corréa Hillal
Poli-USP
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Abstract Title: A survey of subsea equipment for offshore transmission systems
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Abstract: This research project aims to evaluate the integration of offshore wind farms into the
Brazilian electrical grid, considering a variety of transmission technologies for future
developments along the coast. The overall scope of the project seeks to systematically expand
offshore transmission systems, contributing to energy transition and decarbonization, both in
Brazil and globally. This particular work focuses on creating a comprehensive report addressing
crucial underwater equipment for the execution of activities related to this project. This will
include a detailed analysis of their applications, functionalities, and the technologies employed.
The primary emphasis will be on verifying the technological limits of these underwater
equipment and tracking their evolution over the years, from their initial applications to the
current scenario.

Keywords: Offshore Transmission, Offshore Wind Power, Subsea Power Cables, Subsea
equipment.

Introduction and Objectives: Offshore transmission systems serve the purpose of
transporting electricity generated in renewable energy installations located at sea, such as
offshore wind, to the coast or other consumption points. These systems comprise various
components and technologies essential to ensure the effective and reliable transmission of
energy generated at sea.

Offshore substations, located near offshore energy parks, are responsible for collecting,
transforming, and distributing the electricity generated by wind turbines or solar panels. They
are equipped with transformers and other control devices to adjust electrical voltage before
transmission. Moreover, submarine cables play a crucial role in transmitting the electricity
generated offshore to the coast or other consumption points. These cables are designed to
withstand adverse maritime conditions such as strong currents, waves, temperature changes,
and pressure fluctuations.

Two common types of cables are currently in use: MI cables, which have solid insulation
composed of resin impregnated with insulating materials, filling the spaces between and around
the conductors completely. These cables are known for their resistance to high temperatures,
excellent mechanical protection against external damage, and extended lifespan due to moisture
and contaminant prevention. In addition to Ml cables, XLPE cables also play a significant role
in the market. XLPE refers to the insulating material used, which is cross-linked polyethylene.
This insulation is known for its high dielectric strength, allowing for the use of higher voltages
in cables, making transmissions more efficient. XLPE cables also withstand heat well, making
them suitable for high-temperature environments, and have low dielectric loss, reducing energy
losses during electrical transmission, making them energy-efficient. Several factors can
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influence the determination of the voltage and power that each cable will be able to transport.
Cable length is one of them, as the longer the distance a submarine cable needs to traverse, the
higher the resistance along the cable. This can result in power losses and voltage drop along the
cable. To compensate for these losses, reinforcement or amplification equipment may be
required along the cable to maintain adequate power and voltage levels. The primary objective
of this study is to conduct a comprehensive synthesis and a meticulous analysis of the factors
affecting the determination of stresses and power levels in submarine cables used in offshore
HVDC transmission. The intention is to comprehend the influence of these factors and, thus,
gain a clear insight into the technological constraints of the components available in the current
market as they have evolved over the years. Initially, the factors to be taken into consideration
include the solution type, cable type, location, commissioning year, length, and water depth.

Methodology: With the purpose of conducting a comprehensive analysis of HVDC cables
used in offshore transmission, it is planned to include various manufacturers of this component
in the research. For each manufacturer, a table will be developed containing essential
information about their projects. The data to be addressed include the name of each project, as
well as information such as solution type, cable type, location, voltage, power, length, and water
depth. Such information will be obtained through official disclosures from technology
manufacturers, as well as published studies that identify the names of the analysed projects. By
compiling this data, it will be possible to create graphs that establish relationships between the
various parameters that can influence the technological limits of the cables, along with their
respective voltages, powers, and commissioning years. Based on this information, it will be
possible to draw conclusions about the evolution of this technology over the years and formulate
hypotheses about the technologies available in the current context. It is essential to emphasize
that the more data and details are meticulously mapped, the more accurate the results obtained
will be.

Preliminary results: This Is a recently started scientific initiation project. The expectation is
that the results obtained will provide a comprehensive analysis of the modifications that each
parameter, as listed in the table, exerts on voltage and power variations. The primary objective
of this project is to conduct meticulous research to assess the current state of offshore equipment
relevant in today's scenario, taking into consideration its evolution over the years. The project
aims to integrate technological aspects into a single report, which will serve as a comprehensive
synthesis of this landscape. So far, no concrete results have been obtained as only one company,
NKT, has been analysed. To complete the table for this company, some data related to the length
and depth of some of the 28 offshore HVDC transmission projects under analysis in this work
are still missing. The lack of information is due to the difficulty in finding reliable sources that
provide these specific values for some of the projects. However, concerning one of the columns
already filled with data disclosed by NKT on its official website, which pertains to the solution
type, interesting information has been observed that corroborates the statements made in the
introduction regarding this parameter. Specifically, it has been noted that of the 28 analysed
projects, with 25% related to offshore wind energy, 14.3% to Power From Shore, and 60.7% to
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Interconnector and power transmission, all projects with the highest voltages (350kV-525kV)
belong to the Interconnector and power transmission type, confirming what has been discussed
in the previous sections. Furthermore, the 4 projects related to Power From Shore are
concentrated in the two lowest possible voltages, 80kV and 90kV.

Preliminary conclusions: The purpose of this scientific research project is to establish the
technological limits of essential equipment for submarine transmission, which play a crucial
role in integrating offshore wind farms along the Brazilian coast. Given that operating in such
rigorous and challenging environments requires the development of highly specialized
equipment, this project aims to provide a valuable resource for those involved in offshore wind
energy exploration. It seeks to compile information and data about this equipment in a single
report. The resulting dataset will be a comprehensive synthesis of the current market landscape,
highlighting the uniqueness of each project, taking into consideration the natural characteristics
of their locations, and the specific demands of each undertaking.

Helena Marques Almeida Silva
Universidade de Séo Paulo (USP)
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Abstract: Wind generation has increased its relevance in the Brazilian electrical matrix.

However, the penetration of this renewable source into the electrical system requires the
connection of inverters at the interface between the generator and the grid. Such equipment
interacts with the capacitive elements of substations and transmission lines, which can cause
resonances. As this is a recent issue, there are no robust techniques in the industry to detect and
mitigate the occurrence of these events. In this context, the objective of the project is to
implement models of inverters and their most common controls connected to transmission
systems, using the Simulink software. Thus, we hope to better understand the impact of
inverters on the electrical system.
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Introduction and Objectives: Among the UN's sustainable development goals for Brazil is
clean and affordable energy. To achieve this goal, it is necessary to intensify investments in
renewable energy sources, increasing their participation in the country's electrical matrix.
Currently, the wind source has 26 GW of installed capacity in commercial operation, according
to ABEEOGlica. However, despite its growth potential, the insertion of wind turbines into the
electricity grid contains an issue. In order to optimize the power generated, it is desirable that
wind turbines operate at variable speed. Power inverters are used for this. The interaction
between the inverters and the capacitive elements of the network can generate resonances in
harmonic frequency ranges (above 60Hz), for shunt capacitors, and in subsynchronous
frequencies (below 60Hz), for series capacitors. Furthermore, inverters behave like a negative
resistance in the network, weakening the damping of resonances, which leads to the flow of
high electrical currents that damage equipment and shorten its lifespan. In this regard, the
project aims to build and simulate inverter models used in the wind energy scenario, in addition
to its more usual controls, which dictate the injection of active and reactive power, using
Simulink. In this way, we expect to better understand the impact of these equipment on the
network.

Methodology: The methodology of this project consists of a literature review, implementation
and validation. Two months of a literature review are planned on power inverter models
(switched and average) and control techniques. Next, each model and its most common controls
will be implemented in the Simulink software, which is expected to take three months for each
model. Finally, the simulation results will be validated with models present in the literature, a
two-month step.

Preliminary results: Since the project began in August, there are no simulation results to be
presented so far. The literature review learning stands out, when some principles of wind
generation were studied, such as the importance of control for maximum power production
(MPPT), the main models of generators used, voltage-oriented control, Pl (proportional-
integral) and PR (proportional-resonant) controls.

Preliminary conclusions: Considering that the current stage is a literature review, there are
still no conclusions to be presented.
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systems
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Abstract: Modern electrical energy distribution systems are experiencing significant changes,
especially with the rapidly increasing penetration of distributed energy resources (DERS), such
as photovoltaic and wind generators, electrical vehicles, and energy storage systems. These
devices use power electronic-based technologies, which may present negative resistance
characteristics at specific frequencies. Therefore, these power electronic-based DERs have the
potential to decrease resonance damping in the electrical system and, consequently, damage
circuit equipment and customer loads (customer processes). This can create significant financial
losses not only to the distribution utility, but also to the end customer. As the high penetration
of DERs in distribution systems is a relatively recent trend, it remains unclear which are the
main characteristics and most critical scenarios of these resonances. In addition, there are no
well-established methods to anticipate the risk of these problematic resonances and mitigate
them. In this context, the goal of this project is to provide a detailed characterization of these
resonances in DER rich distribution systems and develop methods to predict the risk of
occurrence of these resonances and mitigate this risk, avoiding costly damages to circuit
equipment. The focus is on the development of systematic methods that can speed-up the
decision-making process of engineers in terms of which actions should be undertaken to avoid
or eliminate resonances, either during planning or operation of DER-rich distribution systems.
The results of this project will be used not only to reduce the risks and costs associated with
technical losses and device damages, unplanned disconnection of customer processes,
equipment lifetime reduction, and number of man-hours needed to manage these resonances.
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The results of this project can also be used to support the improvement of national regulations
for DER integration into the distribution systems.

Keywords: resonance; distributed energy resources; DER; capacitor; mitigation; prediction;
power electronic converters.

Introduction and Objectives: Recently, electric power distribution systems have migrated
from a passive, non-supervised structure with low level of automation to an active, supervised
structure with high level of automation due to the introduction of DERs and new automatic
control devices. The most common DERs include wind turbines, electric vehicles chargers,
energy storage systems and, primarily, photovoltaic generators. In Brazil, it is estimated that
PV generation will account for over 97% of the distributed generation capacity installed over
the next decade. A common characteristic of these DERSs is that they have a power electronic
converter as their interface with the grid.

In terms of new utility devices installed in the system, in the context of this work, it is important
to highlight automatically operated capacitor banks, which can be installed at Medium Voltage
(MV) grids, as usual, or even be installed dispersedly over the system at the Low Voltage (LV)
grids, and a more frequent installation of switched series capacitor banks to supply loads or
distributed generation at locations far from the substation. The increased presence of shunt and
series capacitors combined with the increased presence of power electronic-based DERs has
the potential to increase the amount and severity of resonances in the circuit. The reason is that
the power electronic converters used in DERs (mainly the voltage source converters) can have
a negative resistance characteristic at specific frequencies. If a negative equivalent resistance
matches a resonance frequency in the circuit, the resulting effect is that resonance damping will

decrease (creating weakly damped resonances) and potentially become negative (creating
unstable resonances), which can damage circuit equipment and create significant financial
losses to the distribution utility and to the customers. This effect can happen both at LV systems,
where shunt capacitors are being installed, and at MV systems, where shunt and series
capacitors are installed. One challenge with this scenario is that distribution utility engineers
are not traditionally concerned with weakly damped resonances and instabilities and tend to
address them on a case-by-case basis, which are normally based on numerous detailed
electromagnetic transient or frequency-domain simulations. However, with the increased
penetration of DERs, such events are bound to become more frequent. Hence, it is essential to
investigate and develop new approaches to systematically manage the risk of these events
without the need to run time-consuming computer simulations. The main objective of this
research is to investigate the characteristics of resonances in power distribution systems with
high penetration of DERs and develop practical methods for managing (anticipating and
mitigating) the risk of these events.

Methodology: Two main types of resonances will be investigated: resonances on LV
distribution systems and resonances on MV distribution systems. More specifically, LV
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systems are smaller, and the predominant inductance is from the distribution transformer (line
inductances can be neglected in most cases), whereas MV systems are larger, and the line
inductance is significant. Adverse events on LV systems affect a few tens of customers, whereas
an equivalent event on MV systems affects thousands of customers. DERs installed in LV
systems are mostly single-phase devices (although some three-phase devices may also exist),
whereas DERSs installed in MV systems are three-phase devices. These different characteristics
highlight that the behavior of resonances on LV systems is expected to be different (different
root causes, different participation factors of the DERSs, different mitigation approaches etc.)
from the behavior of resonances on MV systems. For each type of resonance, the following
specific objectives can be outlined: - Characterization: investigate and identify the main causes
of the event and the critical scenarios where it can be initiated, which consists in identifying the
parameters of the DER and of the power system with highest impact on the risk of resonance;

- Detection of the risk of occurrence: develop methodologies for the expedited and systematic
identification of the risk of resonance in distribution systems, based on the characteristics
(topological and operational) of the circuit;

- Mitigation of the risk of occurrence: develop methodologies to mitigate the risk of resonance
in a distribution circuit (avoiding the onset of an event), or to mitigate already ongoing
resonances; and - Power-Hardware In the Loop Simulations to evaluate the methods developed.
The knowledge obtained during this research and the methodologies developed will create the
technical basis to support potential improvements on the national regulation about the
integration of DERs.

Preliminary results: As the project is in its early stages, there is no Preliminary results.
Preliminary conclusions: As the project is in its early stages, there is no Preliminary
conclusions.

0711 - GHG4 (TV4)
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Abstract: To address the concern of carbon dioxide (CO2) emissions, the optimization of
labyrinth seals presents a paradigm-shifting solution. These seals are meticulously engineered
to minimize gas leakage from compressors stages until the atmosphere, thereby facilitating the
development of highly efficient seal designs. Labyrinth seals can be seen as a type of fluid diode
commonly employed by the metallurgic industry in pneumatic machines. Traditional literature
usually adopts parametric and shape optimization as the main tools to improve the design of
these fluidic devices. Therefore, there is plenty of room for fill the scientific gap of topology
optimization on seal applications. This work discusses the use of topology optimization in the
synthesis of labyrinth fluid diodes. The labyrinth fluid flow path should be designed to be
favored in one direction (forward) while unfavored in the opposite direction (backward). This
optimization task poses a challenging problem for topology design. In this work, we employ
the TOBS (Topology Optimization of Binary Structures) method to solve a 2D prismatic and
axisymmetric seal problem. We maximize the diodicity by minimizing the forward energy
dissipation while maximizing the backward vorticity subjected to a fluid volume constraint.
The steady state Navier-Stokes equations govern the 2D flow with the standard Darcy term
used for topology optimization. The governing equations are solved via the Finite Element
Method considering prismatic and axisymmetric configuration, and the optimization problem
is solved by the TOBS method. The TOBS is a gradient based method that produces a sequence
of linearly approximated problems and solves them via integer linear programming. The
numerical example shall elucidate how solid permeability influences topology evolution. We
assumed real CO2 gas properties and realistic dimensions for the seal. Finally, our method
predicted that the porous material model favors radial interlocking teeth labyrinth in the seal.
Therefore, TOBS has shown to be a potential method for seal design.

Keywords: Discrete design variables, integer linear programming, diodicity.
Introduction and Objectives: Traditional fluid diodes topology optimization is done

considering a continuation procedure to reduce the fluid infiltration issue on the regions
emulated as solid. The currently available methods produce large quantities of floating solid
islands instead of complex interlaced arrangements along the designed chamber which are not
viable for labyrinth fluid diode applications, such as in pneumatic machines. Thus, this work
has two main goals to fill this scientific gap. First, an alternative weighted multi-objective
logarithmic expression that induces a labyrinth fluid path by combining fluid flow energy
dissipation and vorticity magnitude is proposed. Second, it is demonstrated that the proposed
function can design labyrinths for maximizing diodicity similar to traditional literature
objective function that uses only energy dissipation terms.

Methodology: Generalized fluid flow governing equations including the Darcy term are
solved with an external Finite Element Analysis package, a built-in automatic differentiation
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module is used to perform the sensitivities computation, and the design variables are updated
via the TOBS method through Sequential Integer Linear Programming. A regular mesh of
quadrilateral elements is adopted for both flow directions assuming respectively quadratic and
linear basis for velocity and pressure fields. This procedure was implemented in COMSOL
Multiphysics LiveLink with MATLAB. A continuation procedure combining two convergence
criteria (objective function and material distribution change) is used to pursue robust solutions.

Preliminary results: - Bidimensional axisymmetric geometry poses a harder optimization
problem than the prismatic case and is sensible to shaft diameter values

- Improve the diodicity expressed in terms of energy dissipation and vorticity can increase
pressure drop of seal devices

- The topologies obtained are suitable for prototype manufacturing via 3D printing

Preliminary conclusions: - Bidimensional axisymmetric and prismatic geometry present
distinct evolution behavior - The interlocking teeth direction between rotor and stator is
influenced by solid permeability - The dependency of a local minima to the material model
penalization can be reduced by using two convergence criteria into a continuation approach

- The proposed strategy can help to reduce the gas escape on seal devices and then lead to lower
fuel consumption and emission in power generation and transportation sectors

André Dantas Freire
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Abstract Title: numerical prediction of erosion in labyrinth seals: A Lifespan approach
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Abstract: Labyrinth seals (LS) are commonly employed to mitigate leakage but are susceptible
to erosive wear resulting from fine particulate matter in turbomachinery systems. This study
aims to simulate erosion rates in rotor labyrinth seals utilizing Finnie's model to assess the
erosive impact on leakage. Variations in alloy properties, achieved through additive
manufacturing, including density (p) (4252, 4297, and 4341 kg/m?®) and surface hardness (H)
(3.0, 3.5, and 4.0 GPa, corresponding to 313.4, 365.8, and 418 HV/10), were considered. SiC
spherical particles (Dp) were introduced to induce erosion during simulations (100um, 150pum,
and 200pm). The findings reveal that hardness and density variations did not exert a significant
influence. Finnie's model exhibits a superior predictive capability when particles are entrained
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and impact the wall at shallow angles (low Re). The tooth lifespan estimation chart delineates
the maximum expected service life of the initial labyrinth seal tooth, demonstrating a wide
range of resistance to erosive wear, from as little as one day to as long as twenty years.

Keywords: Labyrinth Seal; Erosion Wear; Lifespan.

Introduction and Objectives: Labyrinth seals (LS) are frequently employed to reduce leakage
but are prone to erosion from fine particles in turbomachinery systems. This research endeavors
to simulate erosion rates in rotor labyrinth seals by applying Finnie's model, with the objective
of quantifying erosion's influence on leakage [1].

Methodology: The erosion wear in the labyrinth seal (ten teeth) made of Ti-6Al-4V alloy is
predicted using the Finnie erosion model, which considers particle velocity, diameter, and
impact angle [2]. The alloy, obtained by additive manufacturing, density (p) (4252, 4297 and
4341 kg/m3) and surface hardness (H) (3.0, 3.5 and 4.0 GPa — corresponding to 313.4, 365.8
and 418HV/10) were varied considering [3]. The fluid flow within the LS on a rotor is modeled
using the incompressible Navier-Stokes equations using the software COMSOL. The turbulent
flow of CO2 is simulated using the Reynolds-averaged Navier-Stokes (RANS) equations. The
dynamic viscosity of 1.47e-5 [Pa s] and density of 1.84 [kg/m?3] of CO2 were used. Reynolds
numbers (Re) of 200 and 2000 were evaluated to represent low and high inlet velocities. The
rotational speed was 1018 rpm (rotor rotation). SiC spheric particles (Dp) were added to cause
erosion during simulation (100um, 150um, and 200um), which can be found in oil and gas
transportation [4]. A function was used that relates the geometric conditions and tooth material,
erosion wear time, and erosion wear rate to perform functional lifespan calculations in the tooth.

Preliminary results: The longevity of a labyrinth seal tooth is depicted under various wear
conditions, characterized by different particle velocities and diameters. Elevated particle
velocities associated with higher Reynolds numbers resulted in erosive wear, causing a single
tooth measuring 1 millimeter to endure only one day of service life. At intermediate Reynolds
numbers (Re 2000), the tooth exhibited a wear pattern culminating in an approximate
operational lifespan of 5 years. Conversely, under lower Reynolds number conditions (Re 200),
the same labyrinth seal tooth demonstrated remarkable durability, with a service life exceeding
20 years. Figure 2 shows the main factors that represent the significant levels: Re and Dp. The
other factors (the H and Density) do not significantly affect erosion (p > 0.05). In Table 1, an
overview of the influential factor levels in the investigation of erosion wear within rotor
labyrinth seals is presented. The parameter 'Re" is found to contribute 22.66% to the variability
at both the 200 and 2000 levels. Meanwhile, 'Dp’ demonstrates a 3.42% influence on variability
at levels 100, 150, and 200. Furthermore, the interaction between 'Re' and 'Dp' is responsible
for a 2.60% contribution to variability across all levels, with due consideration for associated
measurement errors.

Preliminary conclusions: Hardness and density have not had a significant effect. Finnie's
model shows the best results for small Dp and low Re. Therefore, Prudent management of
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particle size assumes paramount significance within the context of turbines and compressors,
given its potential to markedly amplify the erosion rates experienced by labyrinth seal teeth.
Such accelerated erosion wear invariably leads to a substantial reduction in system efficiency
and power generation output. Moreover, the repercussions of premature maintenance
procedures in a turbine can result in a substantial escalation of operational expenses.

Ben-hur Martins Portella
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Abstract Title: Numerical modeling of sources and sinks of greenhouse gases in the Amazon
during the CAFE-Brazil experiment
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Abstract: The Amazon forest plays an important role in the terrestrial carbon balance,
influencing the energy balance and climate on a regional and global scale. The Amazon region
acts as a carbon sink, through the photosynthesis process, and, at the same time, acts as a carbon
source, through emissions from fires and flooded areas. Research indicates that the fluxes of
greenhouse gases (GHG) carbon dioxide (CO2) and methane (CH4) are spatially heterogeneous
in the Amazon. Variations in the magnitude of emissions are associated with changes in
meteorological variables such as temperature and precipitation, as well as changes in land use
and fires. It is essential to characterize the sources and sinks of GHG in the Amazon in their
natural state, in order to understand the possible dynamic adaptations of the ecosystem in the
face of climate change. This project aims to estimate sources and

sinks of CO2 and CH4 in the western Amazon during the rainy season, using an inversion
strategy based on computational simulations and in situ observations. The regional model
WRF-GHG (Weather Research and Forecasting, coupled to the greenhouse gas module) will
be used to simulate the distribution of GHG concentrations in the western Amazon, where

almost pristine conditions predominate during the rainy season. The simulations will be
contrasted with observations collected during two intensive experiments (CAFE-Brazil and
FLOAT). With this, it is expected to identify the relative contribution of different types of
biogenic GHG sources and sinks in this region of preserved tropical forest, in addition to
identifying possible areas that act as emission hotspots.

Keywords:  Amazon; Modelling; Greenhouse Gases; CAFE-Brazil; FLOAT.

Introduction and Objectives: As the largest tropical forest on the planet, the Amazon plays
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a relevant role in the climate system. Among the environmental services provided by the forest,
we can highlight the storage of carbon in the form of biomass and in the soil, estimated at
around 150 Pg C. In general, the forest acts as a sink for the greenhouse gas (GHG) carbon
dioxide (CO2), with a net removal of about 0.4 = 0.1 Pg Cl/year from the atmosphere,
considering the processes of photosynthesis and respiration. However, long-term observations
indicate that this removal rate can decrease or even be reversed in dry years, revealing the
existing coupling between biogeochemical cycles and the hydrological cycle. In recent decades,
a consistent increase has been observed in the duration of the dry season in the Amazon
(Marengo et al., 2018), increasing the forest's vulnerability to climate change with impacts on
the carbon balance. In addition to CO2, another GHG of great relevance is methane (CH4).
Despite not being as abundant in the atmosphere as CO2, CH4 has a Global Warming Potential
(GWP) 28 times greater on a 100-year time scale, contributing about a quarter of the effective
radiative forcing of GHGs. CH4 is mainly produced by the anaerobic decomposition of organic
matter, through cooperation between different microbial cultures. Wetlands constitute the main
natural source of CH4 to the atmosphere, accounting for 32% of global emissions. In particular,
emissions from flooded areas in the tropical region constitute the greatest source of uncertainty
for the global balance, due to the scarcity of in situ observations and the typical variability of
emissions, related to the complexity of production, transport and consumption of methane until
it reaches the atmosphere. The land use change sector contributes to anthropogenic CH4
emissions through fires and the conversion of forest areas into agricultural areas. Observational
studies indicate that the Amazon contributes around 8% of global CH4 emissions, with 73% of
emissions coming from flooded areas, 17% from fires, and 10% from other anthropogenic
sources associated mainly with enteric fermentation in ruminants. Hydroelectric reservoirs in
the Amazon also emit CH4, mainly through degassing in turbines and downstream. The general
objective of this project is to estimate sources and sinks of CO2 and CH4 in the western Amazon
during the rainy season, combining computational simulations with a regional atmospheric
transport model and in situ observations. As specific objectives, we can list: Identify the relative
contribution of different types of biogenic sources and sinks of CO2 and CH4; Characterize the
spatial distribution of GHG concentrations in the western Amazon, identifying strong emitting
areas (hotspots); Simulate CO2 and CH4 emissions under different climate and deforestation
scenarios.

Methodology:

The project is organized in the following steps:

1. Bibliographic review on the WRF model and greenhouse gases in the Amazon; 2.
Compilation of data from the FLOAT-CAFE experiment;

3. Definition of the simulation configuration, depending on the spatial distribution of the
collected observational data;

4. Pre-processing of input meteorological fields;
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5. Preparation of initial and boundary conditions for GHG concentration and emission; 6.
Comparison between the results of the first simulations with observational precipitation and
radiosonde data;

7. Adjustment of GHG emissions based on comparison with observational data; 8. Analysis of
computer simulations;

Preliminary results: A bibliographical review of previous works that used the WRF, with
different components, for analyzes aimed at the Amazon or the tropical region was carried out.
Furthermore, the various options for physical parameters and model configurations were
studied, in order to identify the best configurations considering the local climate and vegetation.
Finally, the first reproductions of the domains used, as well as the initial simulation of the
model, were made by the student during the course of their learning.

Preliminary conclusions: Since this is an initial period of understanding the model to be used,
the student made an effort to record their learning and instructions, thus creating an installation
and preparation guide for both the pre-processing system and the model itself. Additionally, a
document was prepared summarizing the main physical parameters applicable to the model and
relevant to the scope of the research.

Carlos Eduardo Lino
University of S&o Paulo (USP)

Abstract Title: Topology Optimization Method Applied to the Design of Radial Compressors
Considering Turbulent Real Gas Flow Through Fluid-Structure Interaction and Mechanical
Fatigue Analysis
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Abstract: Fossil fuels, including coal, oil, and natural gas, play a critical role in energy
generation due to their high energy output per unit of mass. Within the oil and gas industry,
radial compressors play a vital role in processing and transporting gases. However, their
environmental impact is significant, primarily due to the release of greenhouse gases (GHGS)
and other pollutants. Particular concern are carbon dioxide (CO2) and methane (CH4), given
their substantial contribution to climate change. This study aims to develop a systematic
topology optimization method for designing radial compressor rotors, specifically targeting the
use of real CO2 gas or a CO2-CH4 mixture. The proposed method simplifies the coupling
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process between fluid and structure by emphasizing a strong interaction of degrees of freedom
within both domains. Moreover, mechanical fatigue analysis utilizing the Paris law is applied
until a pre-crack forms in the solid component. This study aims to integrate diverse objective
functions to address fluid-structure interaction (FSI), encompassing fluid-related efficiency,
pressure ratio, as well as structure-related stresses and vibrations. To achieve this, novel
topological optimization formulations will be developed, incorporating the Coupled Moment
Method for FSI (CMM-FSI).

The numerical implementation of this approach will leverage the FeniCS Topopt Foam
software. The thermodynamic behavior of the CO2-CH4 mixture will be modeled using the
Peng-Robinson equation of state. Additionally, problem sensitivities will be calculated using
FeniCS and the IPOPT (Interior Point OPTimizer) library, implemented in Python through the
FENICS library and Finite Element Methods. The anticipated outcome of this research is the
development of an effective methodology for optimizing the behavior of fully compressible and
turbulent flows, thus contributing to compressor research and improvement while considering
environmental impacts.

Keywords: Topology Optimization, Turbulent Flows, Fluid-Structure Interaction, Fatigue
Analysis.

Introduction and Objectives: Fossil fuels (i.e. coal, oil and natural gas) are of great
importance due to their ability to provide a significant amount of energy per unit of mass.
Compressors are used for such a wide range of fluids, and complex models of real gas, turbulent
compressible flow, are often needed to characterize fluid behavior. The research will be on
Centrifugal (Radial) Compressors, to perform topological optimization to design impellers.
Computational Fluid Dynamics (CFD) techniques play an important role as flow behavior can
be predicted and studied accurately. To fully consider the best way to improve, the concept of
optimal design must be understood, which is the best design among alternatives that meet a
specified objective. Optimization is the mathematical process through which the set of
conditions are obtained and produces the maximum or minimum value of a given function. A
common way to classify optimization techniques is by dividing them into categories, with
regard to the definition of design variables. Three main groups can be identified: parametric
optimization, geometric shape optimization and topological optimization. Geometric deform
optimization consists of changing the initial geometry, applying small displacements in the

domain. The geometry is parameterized and changed smoothly or any other method that to be
able to describe a contour and sensitivities of a function, objective are calculated with respect
to small variations in these descriptions of the geometry. In topology optimization, the objective
of interest is minimized or maximized by distributing material within a design domain. Unlike
other techniques, Topological Optimization allows opening and closing holes, resulting in
greater design freedom with a wider range of possibilities.

1. Apply the topology optimization formulation to design radial compressors for operation with
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real gas CO2 and/or CO2-CH4 mixture, address fluid-structure interaction (FSI), covering
fluid-related efficiency, pressure ratio, as well as stresses and vibrations related to the structure.
To this end, new topology optimization formulations will be developed, incorporating the
Coupled Moment Method for FSI (CMM FSI).

2. Develop a topological optimization algorithm for compressible turbulent flows for real gas;
implement discrete adjoint model of turbulent compressible rotating flows; with the discrete
adjunct method to optimize the design and mechanical fatigue analysis using the Paris law is
applied until a pre-crack form in the solid component;

3. Implementing an algorithm for resonant frequency restriction and analyzing the evidence of
its impact on the impeller, will be implemented in Python using the FEnICS library with the
IPOPT (Interior Point OPTimizer) library and OpenFOAM in C++; other libraries and
optimization algorithms;

4. Develop topology optimization simulations to design rotors, aiming to maximize radial
compressor efficiency;

Methodology: There are no preliminary results as the research is just beginning.
Preliminary results: There are no preliminary results as the research is just beginning.

Preliminary conclusions: There are no preliminary results as the research is just beginning.
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Abstract: The rational design of nanostructures and nanofluidic systems with enhanced
mechanical and physical properties is an emerging area. Nanofabrication and computational
modelling advancements have provided powerful tools for inspecting and creating nanoscale
systems. This study presents a new methodology called NanoTO for the computational design
of nanostructures and nanofluidic systems by coupling molecular simulations with the
Topology Optimization of Binary Structures (TOBS) method. By leveraging the strengths of
both methods, we aim to unlock new possibilities and advance the development of highly
efficient nanoscale devices. Our initial findings show that NanoTO can obtain optimised
nanostructures with enhanced mechanical properties and optimised nanochannels to minimise
pressure drop.

Keywords: nano-engineered structures, topology optimisation, mechanical properties,
optimised nanochannel.

Introduction and Objectives: Pursuing optimal conditions and topologies is inherent in
human nature and the natural world. Designing materials at the nanoscale enables the
customisation of fundamental properties, serving as building blocks for advancing existing
technologies and developing revolutionary devices with unique properties. These achievements
stem from the precise manipulation of matter within a scale ranging from 1 to 100 nm, where
materials' morphology, shape, and structure assume essential roles in shaping their fundamental
properties. Researchers have turned to molecular dynamics (MD) simulations to understand
molecular interactions better. These simulations track the movement of atoms, providing
detailed insights into system behaviour and fundamental properties. However, it is crucial to go
beyond traditional structures and explore new designs through optimisation strategies to unlock
the full potential of nanoengineered systems. Topology optimisation (TO), a powerful
computational method used in engineering, allows researchers to find an optimal distribution
of materials within a given space. In this study, we combine MD and the Topology Optimization
of Binary Structures (TOBS) method approaches for designing nanostructures and nanofluidic
systems.

Methodology: The optimisation of nanoscale structures is inherently binary, where a design
variable defines the presence of an atom (1) or its absence (0). Therefore, the Topology
Optimization of Binary Structures (TOBS) method emerges as a suitable candidate algorithm.
Hence, the proposed approach, NanoTO, combines MD simulations with the TOBS method.

Preliminary results: In nanomechanics, the primary achievements are linked to applying
NanoTO to optimise the mechanical properties of carbon and metal nanostructures. Other
significant breakthroughs have been realised in the realm of nanofluidics. An optimised
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nanochannel has been devised using NanoTO to minimise pressure drop.

Preliminary conclusions: This pioneering study seamlessly blends molecular dynamics and
topology optimisation to engineer optimised nanostructures and nanofluidic systems, which can
substantially contribute to advancing emerging nanotechnologies like nanoelectromechanical
systems (NEMS) and membrane technologies. A new path emerges through the fusion of both
methodologies, unlocking the potential of nanostructures and nanofluidic systems, thus shaping
the future of manipulating solid-fluid interactions at the nanoscale.

Diego Hayashi Alonso
Escola Politécnica da Universidade de Sao Paulo

Abstract Title: Rotating resonance under low density flow for machine rotor topology
optimization
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Abstract: The emission of greenhouse gases is one of the main factors that lead to global
warming. One important element in the emission of greenhouse gases are turbomachines
(compressors and turbines). By improving their design, they should become more efficient and,
therefore, cause less emissions of greenhouse gases for the same operating conditions.
Specifically in the design of flow machine rotors, it is important to consider not only the fluid
flow performance, but also the resonance phenomenon, since it may lead the whole machine to
fail. When under rotating conditions, the formulation and behaviour of the structure changes,
which requires a new formulation. Thus, a new topology optimization approach is formulated
for rotating resonance considering a low-density fluid flow, which allows some simplifications
in the formulation. In the end, there are three different effects, one for each different physics:
the modal analysis, the solid structure, and the low-density fluid flow. The topology
optimization formulation is given for a simplified 2D model of a rotating fluid flow device. An
integer linear programming algorithm is used in the topology optimization approach, and some
numerical examples are presented.

Keywords: Topology optimization; Resonance; Low density fluid.

Introduction and Objectives: Global warming is mainly caused by the emission of
greenhouse gases. Particularly, turbomachines (compressors and turbines) are an important
contributor to it. This means that, by improving their design, they should become more efficient,
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leading to less emissions of greenhouse gases for the same operating conditions. Mainly, the
design of flow machine rotors requires not only to have a good fluid flow performance, but also
to avoid resonance. Resonance is a phenomenon that can easily lead to the failure of the whole
device, and should, therefore, be avoided. Previous works in the topology optimization of flow
machine rotors only dealt with the fluid flow performance issue (Romero and Silva, 2014)
without, however, considering the effect of resonance. Thus, the current work aims to tackle
this issue by formulating the topology optimization method for this case. The implementation
is to be coupled to the FEnICS TopOpt Foam library (Alonso et al., 2021), in order to couple
the efficient CFD from OpenFOAM® with the finite element platform FEnIiCS and the
automatically derived sensitivities from the dolfin-adjoint library.

Methodology: The new topology optimization formulation is given for a low-density fluid
flow, structural effects and modal analysis. Also, a simplified 2D model is considered for the
flow machine rotor. The fluid flow simulation is computed in the CFD software OpenFOAM®
and interfaced with the topology optimization framework by using the FEniCS TopOpt Foam
library. The structural simulation, as well as the modal analysis, are performed in the finite
element-based platform FEnIiCS. The sensitivities are automatically computed by using
FEniCS/dolfin-adjoint, and, more specifically, the modal sensitivities are composed by hand,
since the modal analysis is solved intrinsically different from usual FEM approaches.

Preliminary results: The new topology optimization formulation is demonstrated for the low-
density fluid flow through a compressible and an incompressible case, showing the effects of
each objective function (fluid, structural and modal) in the flow machine rotor design.

Preliminary conclusions: A new topology optimization formulation was formulated and
numerically demonstrated for a low-density fluid flow, by considering compressible and
incompressible fluids. The effects of each objective function (fluid, structural and modal) were
shown in the flow machine rotor design. In the form of future work, some suggestions would
be to consider turbulence, more vibration modes, the gyroscopic effect in the modal analysis
etc.

Eduardo Moscatelli de Souza
University of S&o Paulo
Abstract Title: Design of stepped labyrinth seals by topology optimization
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Abstract: Turbomachines present an inherent leakage between rotating and stationary
components as these parts may not be in contact during operation. One common design strategy
to reduce this leakage is to employ labyrinth seals, which are robust devices that provide a
highly dissipative path to the fluid flow. Labyrinth seals are an important technology for
reducing greenhouse gas emissions because they are commonly employed in compressors
operating with carbon dioxide (CO2) and methane (CH4). Therefore, the optimization of
labyrinth seals is of high environmental importance. This work designs stepped labyrinth seals
by applying the topology optimization algorithm developed by a partnership between the
University of Sdo Paulo (USP) and the Technical University of Denmark (DTU), which was
established during the X RCGI Colloquium. Here, the focus is on the stepped labyrinth seal
configuration, which presents a misalignment between the inlet and outlet of the seal. The
algorithm uses an interface identification technique previously devised to design heat
exchangers and a connectivity constraint developed for additive manufacturing. Combining
these techniques allows the control of the minimum gap and the assignment of different
velocities to the rotor and stator. Also, it avoids solid parts that are not connected to any wall.
The key idea is to model the fluid channel as the interface between rotating and stationary parts.
The fluid flow and adjoint equations are solved by the finite element method with quadratic,
linear and linear triangular elements for the velocity, pressure, and design variable fields,
respectively. The optimization problem is solved with the Method of Moving Asymptotes
(MMA).

Keywords: Topology optimization, Labyrinth seals, Interface identification method, Virtual
temperature method.

Introduction and Objectives: Labyrinth seals are a standard solution to reduce leakage in
compressors operating with carbon dioxide (CO2) and methane (CH4). Therefore, they play an
essential role in reducing greenhouse gas emissions. Among the labyrinth seal configurations,
the stepped labyrinth seal offers a high leakage reduction because the inlet and outlet of the
labyrinth seal are not aligned. The objective of this work is to design stepped labyrinth seals
with the topology optimization algorithm developed by a partnership between the University of
Séo Paulo (USP) and the Technical University of Denmark (DTU), which was established
during the X RCGI Colloquium. The algorithm uses an interface identification technique
previously devised to design heat exchangers and a connectivity constraint developed for
additive manufacturing. Combining these techniques allows the control of the minimum gap
and the assignment of different velocities to the rotor and stator. Also, it avoids solid parts that
are not connected to any wall.
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Methodology: The fluid flow, density filters and adjoint equations are solved by the finite
element method with quadratic, linear and linear triangular elements for the velocity, pressure,
and design variable fields, respectively. The FEniCS framework is used to implement the finite
element models. The non-linear fluid flow equations are solved by Newton’s method (PETSc)
and all the linear systems are solved with MUMPS. The optimization problem is solved with
the Method of Moving Asymptotes (MMA).

Preliminary results: Stepped labyrinth seals with intricate geometry and high head loss;

Control of the minimum gap of stepped labyrinth seals; Description of the shaft rotation during
the optimization of stepped labyrinth seals.

Preliminary conclusions: The interface identification method developed for heat exchangers
is capable of asserting a minimal gap for labyrinth seal design;

The interface identification method enables the assignment of different velocities to the rotor
and stator during the optimization; The virtual temperature method is capable of avoiding free-
floating islands during the stepped labyrinth seal design; The rotation plays an important role
during the design of stepped labyrinth seals.
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zeolite
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Abstract: Carbon dioxide (CO2) capture is a widely studied topic, with Carbon Capture and
Storage (CCS) methods gaining prominence, especially processes based on gas-solid
adsorption. However, the literature still lacks studies about the impacts of contaminants from
gaseous streams (NOx, SOx, humidity, etc.) on the CO2 adsorption. This work aims to study
the effects of the presence of SO2 in gas streams on the performance of CO2-adsorbents
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Introduction and Objectives: Carbon dioxide capture has been widely studied, given the
impacts of this pollutant in the atmosphere, and there are several technologies for carbon
capture and storage (CCS), such as pressure swing adsorption (PSA), vacuum swing adsorption
(VSA), and temperature swing adsorption (TSA) (Yong et al, 2002). It is noteworthy that the
efficient performance of adsorption technologies is related to the effect of contaminants present
in the gas streams, as these can profoundly impair the performance of the adsorbent. According
to Zhang et al., sulfur oxides (SOX) and nitrogen oxides (NOX) are the contaminants that most
affect the performance of CCS technologies (Zhang et al, 2016). However, the literature is quite
incipient in terms of understanding the effects of SOx and NOx on adsorbent performance and
how they affect CO2 capture. Thus, the present work aims to assess the impact of sulfur dioxide
(SO2) on CO2 capture from flue gas derived from combustion of biomass References: Yong Z,
Mata V, Rodrigues AE, Frias R. Adsorption of carbon dioxide at high temperature-a review.
vol. 26. 2002. Zhang D, Wang H, Wang Q, Li W, Jiang W, Huo P, et al. Interactions of nitric
oxide with various rank coals: Implications for oxy-coal combustion flue gas sequestration in
deep coal seams with enhanced coalbed methane recovery. Fuel 2016;182:704-12.
https://doi.org/10.1016/j.fuel.2016.06.018.

Methodology: Commercial 13X binder free zeolite (13XBF) from Kostrolith (Germany) was
used as adsorbent. 13X zeolite is commonly used to separate CO2 from combustion gases
(Wilkins and Rajendran, 2019), in addition to being considered a standard reference material
for adsorption studies (Morales-Ospino et al. 2019). CO2, N2, SO2, CO2/N2 and C0O2/S02
adsorption measurements were collected in a magnetic suspension balance (MSB) from
Rubotherm (Germany), aiming to assess the influence of SO2 adsorption on CO2 capacity of
13XBF. Textural properties were determined from N2 adsorption-desorption isotherms at -196
°C using an Autosorb-iQ3 (Quantachrome Instruments, USA).

X-ray spectroscopy data were obtained in a Physical Electronics PHI 5700 spectrometer with
non monochromatic Mg Ka radiation (1253.6 eV, 300 W, 15 kV) and multichannel detector
The sulfur content was determined by elemental chemical analysis using a CHNS 932 analyzer
supplied by LECO (Geleen, The Netherlands). References: Morales-Ospino, R. et al.
Assessment of CO2 desorption from 13X zeolite for a prospective TSA process. Adsorption, v.
26, p. 813-824, 2019. https://doi.org/10. 1007/s10450-019-00192-5 Wilkins, N.S., Rajendran,
A., Measurement of competitive CO2 and N2 adsorption on Zeolite 13X for post-combustion
CO2 capture. Adsorption 2019: 25, 115-133. https://doi.org/10.1007/s10450-018- 00004-2

Preliminary results: The presence of SO2 in the gas stream reduces the CO2 and N2
adsorption capacity of the zeolite, which may be related to the reduction of textural properties
due to SO2-adsorbent chemical interactions. Thus, adsorption of SO2, even at low partial
pressures, but for a prolonged time (12 hours), leads to a decrease in CO2 adsorption, which is
consistent with the deterioration in textural properties. After SO2 adsorption, the micropore
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volume of zeolite calculated from N2 adsorption/desorption isotherms at -196°C, reduces 32%.

X-ray photoelectron spectroscopy (XPS) and elemental analysis (CHNS) tests after SO2 contact
for 12 hours confirmed the presence of S species on the surface of the adsorbent, mainly
elemental sulfur (ca. 20%) and sulfate ions (ca. 80 %), even after thermal regeneration (300 °C
for 10 h). Different configurations for sample regeneration after SO2 adsorption were studied.
The maximum SO2 recovery by regeneration was at 350 °C under inert gas flow for 10 hours,
recovering 31% of the previously SO2 adsorbed.

Preliminary conclusions: The drop in textural properties due to irreversible adsorption of S
species, and therefore the selective CO2 capture, did not turn out to be cumulative over the
course of adsorption/desorption cycles. After a first drop in CO2 adsorption capacity of ca.
30%, the amount of CO2 adsorbed during the adsorption/desorption cycles remains practically
constant, at least during the 10 cycles investigated.

Jeann César Rodrigues de Araujo
University of Sdo Paulo
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nanofiltration membranes and recovery of lithium from produced water
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Abstract: One of the challenges in oil and gas production is managing produced water (PW),
representing a critical process for exploration and production in underground reservoirs from
social, environmental, and economic perspectives. PW is a byproduct of complex composition,
including the water previously present in the reservoir during the formation process, the water
injected for extraction, and other chemical additives used during extraction. The proper
management of the PW is crucial given the significant economic interest and demand for
lithium (Li) because of its high technological need in the energy industry and its potential for
sustainable resource reuse. This work focuses on researching and developing innovative
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technologies utilising nanomaterials with enhanced structural and physical properties. The main
objective is to increase the selectivity of Li ions in an agueous matrix, even in the presence of
other monovalent and divalent ions at varying concentrations. To simulate conditions close to

reality, we used a sample of synthetic brine that replicates the concentrations found in PW
samples. The selection of samples was based on a multiscale research process in which we
explored various two-dimensional (2D) and three-dimensional (3D) materials. Initially, through
computational analyses, we identified materials with enhanced selective capacities for Li-ions,
minimising interference from common ions such as sodium (Na), typically present in significant
concentrations. From identifying the most promising candidates for the Li recovery process,
materials with favourable properties were selected for applications in Lithium-ion sieves (LIS),
which encompass both 2D and 3D materials, with a special emphasis on their selectivity for
Li+ over Na+.

Keywords: Lithium-ion sieves, Synthesis and characterisation, nanomaterials, membranes,
nanofiltration.

Introduction and Objectives: This research aligns with current efforts in treating and
recovering ions found in produced water (PW), a high-volume byproduct generated during
offshore oil and gas extraction processes. Our primary focus is the selective recovery of Li+
ions from a diverse aqueous matrix containing other mono and divalent ions. This endeavour is
pivotal for ensuring the efficiency and sustainability of Li recovery processes, ultimately
advancing energy storage technology and responsible natural resource management. Due to its
growing demand, Li ions have gained substantial economic interest in the energy industry.
Identifying and developing nanomaterials capable of selectively capturing Li ions becomes
critically important in the current context. This is particularly challenging due to other ions in
significant quantities in PW. This approach is vital to ensure the efficiency and sustainability
of Li+ recovery processes, thus advancing energy storage technology and responsible natural
resource management. The samples chosen for investigation concerning selective Li+
extraction originate from a compilation of studies focused on nanofiltration through Lithium-
ion sieves (LIS) and the adsorption energy of Li within various 2D and 3D materials, with an
emphasis on their selectivity over Na+, K+, Ca+2 and Mg+2. A spectrum of materials based on
ion exchange principles was employed to initiate this investigation. These materials find
applications in water softening, industrial chemical purification, valuable metal recovery, and
other domains. This phase of material screening is firmly rooted in laboratory experimentation
and industrial implementation, highlighting its significance. Among the investigated materials,
Ti0O2 is noteworthy, leading to further investigations into its structure and related compounds
like Li2TiO3, which find applications in LIS. Additionally, spinel LMO adsorbents, such as
LiMn204, Li1.6Mn1.604, and Li1.33Mn1.6704, have garnered increasing attention due to
their distinctive spinel structure and intricate three-dimensional network channels. These
features give them exceptional selectivity and absorbability for Li+. The compound Li2TiO3,
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characterised by a perovskite crystal structure composed of Li+, titanium (Ti+4), and oxygen
(0O-2) ions, has shown intriguing properties for ion exchange [1-2] and has gained attention in
LIS applications due to its high affinity for the crystal lattice compared to alternative materials.

Methodology: The primary objective of this experimental analysis is to identify structural
variations within the samples. Specifically, we aim to investigate the potential exfoliation of
TiO2/MnQO2 nanolayers through acid bath treatment and the creation of vacancies within the
three-dimensional structure of Na2TiO3/Li2TiO3/NaMn204/LiMn204 samples, which are
being synthesised via a solid-state reaction. These characterisations will yield vital data for
assessing the recovery of Li+ and Na+ ions through the ion exchange process, ultimately
enhancing the material's suitability as an effective ion sieve. To achieve these goals, the samples
will undergo measurements utilising polycrystalline X-ray diffraction (PXRD), Transmission
Electron Microscopy (TEM), and Scanning Electron Microscopy (SEM). These techniques will
provide a comprehensive understanding of structural and morphological changes in the samples
at various stages: initial preparation, after acid bath treatment, and following the recovery
process using a synthetic brine solution. To quantify recovered Li+, we will employ
measurements using Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-EQS)
to assess the synthetic brine ion concentration before and after interaction with the samples. In
preparing the synthetic brine solution, we calculated the concentrations of essential elements
based on values obtained from a survey of offshore produced waters [3-4]. A critical
consideration in determining these concentrations was ensuring alignment with a
computationally feasible concentration range, enabling comparison with theoretical
calculations. This process began with simple models of the Li+ ion and later expanded to
solutions incorporating Li+ along with other ions, including Na+, K+, Mg+2, Ca+2, and
chlorine Cl-. The experimental formulations for evaluating Li+ selectivity concerning the
presence of other ions were thoughtfully devised in stages. Initially, we prepared solutions
containing only Li+ and CI-. Subsequently, we developed combinations that included the
presence of other monovalent or divalent ions. These combinations were expanded to
encompass the simultaneous presence of two or three ions from the series.

References:

[1] Fangjie, Chen, et al. "Preparation and evaluation of H2TiO3@ attapulgite with high
adsorption and selectivity for lithium ions." Materials Letters 345 (2023): 134471.

[2] Chitrakar, Ramesh, et al. "Lithium recovery from salt lake brine by H 2 TiO 3." Dalton
Transactions 43.23 (2014): 8933-8939.

[3] Neff, Jerry M. Bioaccumulation in marine organisms: effect of contaminants from oil well-
produced water. Elsevier, 2002.

[4] Collins, A. Geochemistry of oilfield waters. Elsevier, 1975.

Preliminary results: The synthesis of these materials is currently undergoing testing, focusing

on assessing their selectivity in capturing Li+ ions. This study will examine their performance
across solutions of synthetic brine which have been prepared. The experimental findings will
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then be compared with computational data to establish correlations and insights into the
efficiency of Li+ capture by the synthesised materials.

Preliminary conclusions: The investigation into selective Li+ extraction from a wide range of
2D and 3D materials highlighted the significance of material screening based on ion exchange

principles. Among the materials studied, TiO2, Na2TiO, Li2TiO3, NaMn204 and LiMn204,
characterised by its perovskite crystal structure, has shown promise for ion exchange
applications, particularly in Lithium-ion sieves (LIS). Ongoing efforts are focused on
synthesising these materials and evaluating their selectivity in capturing Li+ ions. Also,
experimental formulations of synthetic brine were designed to assess the selectivity of Li+ in
the presence of other ions. This approach aimed to provide insights into the nanomaterials'
capabilities under varying conditions, including ion types and concentrations.

Francisco Hélio Alencar Oliveira
Naval Architecture and Ocean Engineering USP

Abstract Title: GHG reduction through Topology Optimization and Additive Manufacturing

Authors’' Names & Affiliation Institutions of all authors: Francisco Helio Alencar Oliveira,
Prof. Dr. Emilio Carlos Nelli Silva, Prof. Dr. Renato Picelli, Prof. Dr. Marcos Guerra Tsuzuki.

Abstract: Industry 4.0 demonstrates an immersion in new technologies, which means that, once
the industry positions itself in this new context, it plans and invests in research and development
to act in a robust and competitive manner. Academia has a primary role as a foundation for
basic research since the scenario presents itself with numerous disruptive technologies.
Technologies such as the Internet of Things, Augmented Reality, Additive Manufacturing,
Cloud Computing, Autonomous Robots, Artificial

Intelligence are called pillars of this industry 4.0 as other platforms are consolidating
themselves as 5G technology, thus forming the bases for the so-called “Smart factories” and “
Smart Cities”. Among the sustainable development objectives, the following stand out:
Drinking water and sanitation, Clean and affordable energy, Industry innovation and
infrastructure and Action against climate change. The construction industry has been adopting
initiatives aligned with the challenges of Industry 4.0 and climate change, developing research
into new materials and increasingly sustainable processes with a low carbon footprint. The share
of cement production in total CO2 emissions has been increasing steadily. It is currently
estimated to account for around 8% of total greenhouse gases (GHG). In Brazil, low
productivity is due to the high rate of waste of around 30%, together with the waste generated
and not reused of 50%. Concrete is used on ships, offshore LPG processing platforms, offshore
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wind turbine platforms — FOWP, etc. Automated systems in order to meet the demand for
efficiency in production processes, AM has become increasingly widespread, whether in
solutions on construction sites or in warehouses equipped with logistics systems. The
construction of civil structures through AM provides not only agility in the process, and
reduction of raw material waste, but also freedom of form, which provides the use of new design
techniques such as the use of MOT to obtain optimal structures, eliminating material addition

in regions of low structural stress, such as the bridge design below designed by topology
optimization and manufactured by MA.

Keywords: Additive Manufacturing.

Introduction and Objectives: The Potential of the Additive Manufacturing to revolutionize
the construction industry, reduce waste and make it more sustainable. With its ability to create
precise and accurate structures through digital fabrication. Use Topology Optimization
Methods to develop lightweight structures. Use of sustainable and recycled materials.

Methodology: Consist to implement a systematic process to design the mechanical or civil
structures. The use of methods of finite element, topology optimization and additive
manufacturing consolidate the state of the art in the design process.

Preliminary results: Topology Optimization method reduced the total weight about 40% in
comparison with traditional method., it will reflect also in more productivity to process less
material volume consumption.

Preliminary conclusions: The use of AM and TOM reflects more productivity in the process,
reducing material consumption, energy and drastically the waste contributing to the reduction
of greenhouse gases.
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Abstract Title: Ecosystem-based management as an approach to assessing the social-
environmental impacts of offshore wind energy

Authors' Names & Affiliation Institutions of all authors: Allan Yu lwama - Oceanographic
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Abstract: Offshore wind farms hold promises for Brazil's green transition with over 78 projects
marked on the Offshore Wind Complexes map, highlighting the nation's growing interest.
However, the impacts of offshore wind farms on Brazilian biodiversity and ecosystem services
necessitate further research. This proposal seeks to develop a theoretical-methodological
approach for impact assessment based on Ecosystem-Based Management (EBM) principles,
tailored to the Brazilian coastal zone. Key inquiries driving the EBM design involve refining
regulations, understanding cumulative impacts on the offshore environment's social and
environmental components, elucidating biodiversity elements influencing ecosystem processes,
exploring traditional ecological knowledge, and leveraging digital tools for disseminating
knowledge on regional-scale impacts. With this approach, we aim to unveil causal chains
between cumulative impacts and ecosystem services implications, essential for guiding Brazil's
energy transition. The approach emphasizes a holistic integration of marine spaces,
biodiversity, and societal aspects in a systemic and transdisciplinary framework. The
envisioned outcome is to provide foundational elements guiding area-based management, such
as marine spatial planning, towards coastal-marine public policies for a sustainable energy
transition while ensuring the continued provision of essential ecosystem services.

Keywords: Ecosystem-based management, offshore wind, energy transition, ecosystem
service.
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Introduction and Objectives: Concerns about climate change have reinforced discussions
and initiatives towards transforming the energy matrix from fossil fuels to renewable energies
to reduce the GHG in this matrix base. The Energy Transition, as it has been called, has
encouraged renewable sources, such as wind, solar, bioenergy, and others (green-blue
hydrogen, hydraulic power).

In Brazil, the offshore wind farms have an estimated potential of generation of 700 GW,
considering waters up to 50 meters deep and winds above 7 m/s. It is considered one of the
great promises of the green transition in the medium term (EPE, 2020). In July 2023, 78 projects
are listed as ongoing environmental licensing processes at Ibama, the institution responsible for
environmental licensing in Brazil (IBAMA, 2023). There are potential impacts of offshore wind
farms on biodiversity and ecosystem services recognized in the literature (e.g. changes in
seabed habitats and hydrodynamics; changes in trophic webs; barrier effects or displacements;
mortality, injuries and behavioral effects associated with vessels and underwater noise;
pollution; modified social perceptions and others - Mauricio Hernandes C., et al 2021), the
impacts of the offshore wind farm in Brazil are still incipient and needs more research.
Furthermore, the lack of regulation of marine spatial planning instruments, known as Marine
Spatial Planning (MSP), indicates the need to guide efforts towards studies that indicate how to
apply instruments that allow an integrated analysis of ecological and social systems (Boussarie
etal., 2023) in the context of offshore wind farms. In this context, the objective of this proposal
is to design a theoretical-methodological approach, based on the Ecosystem-Based
Management (EBM) framework (Long et al., 2015), bringing ecological, social and governance
principles at temporal and spatial scales appropriate to the local and regional context in the case
of offshore wind farms in the Brazilian coastal zone. In this approach, we seek to characterise
impacts of offshore wind projects and their possible implications on vital ecosystem services,
such as: water provision, food provision, or support for the maintenance and functioning of
ecosystems, regulation, to ensure balance in hydrological cycles, and cultural services, with
benefits for tourism, cultural identity, and intangible aspects (e.g. spirituality, ancestral
memories). The key-questions to design the EBM are:

e How are the key EBM principles considered in EIAs and regulations?

e \What are the main social and environmental components related to cumulative impacts in the
offshore environment?

e \Which elements of biodiversity directly affect its ecosystem processes and services?

e How does traditional ecological knowledge relate to SE provision, regulation, cultural
aspects?

e How can digital tools amplify the knowledge and share the social and environmental impacts
on a regional scale?

Methodology: This proposal is based on This methodology encompasses a multidisciplinary
approach, incorporating literature analysis, biodiversity assessments, field studies, social
engagement, traditional ecological knowledge integration, and technological tools.
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1. Literature Review and Regulatory Analysis To address the first research question regarding
how key EBM principles are considered in regulations, a literature review will be conducted.
This review will encompass academic papers, government regulations, policy documents, and
relevant reports and environmental assessments. To identify the presence or absence of EBM
principles we will adapt the method applied by Guilhon et al. (2020) and Xavier et al. (2022).
2. Social and Environmental Component Analysis Review of environmental legislation of
offshore energy in selected countries. The main product is a summary of key regulations relative
to environmental impact assessment, marine spatial planning and project environmental
management and follow-up, including a summary comparative table and a set of best regulatory
practices applicable to the Brazilian context. Selected environmental impact studies and other
documents pertaining to projects in the selected countries will be reviewed, alongside an
extensive literature review. The key products are: (i) standard lists of activities, environmental
aspects and impacts, and corresponding mitigation, with corresponding explanatory notes, and
(ii) a review of the extent to which cumulative impacts are addressed. 3. Biodiversity
Assessment: A review and spatial analysis of marine biodiversity from documents of literature
to elaborate the basis of biodiversity in the coast of Brazil

4. Traditional Ecological Knowledge (TEK) Integration To understand the relationship between
traditional ecological knowledge and socio-ecological provisioning, regulation, and cultural
aspects (fourth research question), interviews and workshops with local communities and
indigenous groups will be conducted. TEK will be integrated with scientific knowledge through
participatory approaches. Comparative analysis will be performed to understand the
contributions of TEK to sustainable management and policy formulation.

5. Digital Tools and Geographic Information Systems (GIS) Review of digital tools and Spatial
Data Infrastructure (SDI) and GIS to compare and elaborate a review about the importance of
geovisualization of environmental and social impacts of offshore winds farms. 6. Integration
and Synthesis The final step involves integrating insights from all research components to
design the Ecosystem Based Management (EBM) framework. Data synthesis, comparison, and
integration will be performed to establish causal relationships, develop a comprehensive
understanding, and formulate key elements essential for EBM design.

Preliminary results: With this proposal, we expect to identify best-practices and develop
guidelines to support the development of an Ecosystem-based Approch to Environmental
Impact Assessment model for offshore wind power development specific to the environmental
and social context of the Brazilian coast.

Preliminary conclusions: This ecosystem-based operating model seeks to relate causal chains
between cumulative impacts and implications for the main ecosystem services mentioned
above. Therefore, analysing offshore wind farms, in the context of an important energy
transition for the country, requires integrating the space marine environment with biodiversity
and social aspects, in a systemic and transdisciplinary perspective. We expected that our EBM
design offers key elements to support the MSP to focus on coastal-marine public policies,
aiming to provide foundations for an energy transition that guarantees essential ecosystem
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services for life.

Guilherme Porfirio Baccari
Institute of Psychology of University of S&o Paulo

Abstract Title: Risk perception associated with Carbon Capture and Storage technology in
Brazil: a comparison between experts and non-experts.

Authors’ Names & Affiliation Institutions of all authors: *guibaccari@usp.br,
karenmascarenhas@usp.br, sigmar@usp.br

Abstract: In order to mitigate the effects of climate change it is necessary to employ every
strategy and technology available. And one of the most promising in the global scene is Carbon
Capture and Storage (CCS). Such technology, however, faces many challenges in its
implementation, among them a highly negative social perception which led many projects to be
canceled. Aiming to understand such negative perception we use the lens of Social Psychology,
the science that studies the relationship between the individual and the group. Through a
literature review it was found that among the most prominent factors that shape social
acceptance is the perception of risks and benefits associated with CCS. So, to study how the
perception of such risks occurs in Brazil, we used the Q-Methodology, a qualitative and
quantitative methodology especially useful to study the narratives and the social representations
relative to a subject. We applied the methodology with experts and non-experts, mostly
professors and students in the University of Sdo Paulo. We hypothesize that low levels of
knowledge among non-experts influences the risk evaluation, that despite a high consciousness
regarding climate change in brazilians, shapes negative perceptions. Experts, otherwise, tend to
minimize technical risk evaluation and disregard risks related to the social aspects of CCS
implementation such as job and economic dynamics. Therefore, we expect diverse narratives
and different social representations about CCS in between experts and non-experts.

Keywords: Carbon Capture and Storage, Q-Methodology, Risk Perception, Social Perception,
Social Representation, Narrative.

Introduction and Objectives: Carbon Capture and Storage (CCS) is a relatively new
technology that aims to fight climate change by reducing the greenhouse gas emissions by
capturing CO2 from industrial and energy power plants and storing it mainly in depleted oil,
gas and saline formations. Despite the technology’s potential to be responsible from 15 to 55%
of global efforts against climate change up to 2100, according to the IPCC, its implementation
is still disputed in the public arena. Historically many CCS deployment projects have been
cancelled due to bad public opinion and contrary manifestations, some are worth mentioning
such as Barendrecht in the Netherlands, Beeskow in Germany and Carson in the United States,
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resulting in the loss of thousands of dollars and years of effort. Therefore, in order to understand
the public/social opposition and acceptance of such enterprises, the Social Sciences and among
them Social Psychology have leaned over the subject for the past ten years. In such way
literature found many factors that link the individual and the group and explain, at least partially
the social perception and acceptance regarding renewable energy and sustainable technologies,
some such factors are sense of community empowerment, Not In My Backyard effect
(NIMBY), previous history with oil and gas industry, communication, trust in the agents
involved, knowledge about CO2 and CCS, awareness of climate change, perception of
tampering with nature, fear of leakage and explosion; however, the most studied factor and one
of the most relevant is the risk perception (and its counterpart, the benefits) of CCS deployment.
Then, based on the literature, our objective is to research the social perception regarding the
risks associated with CCS deployment in Brazil, evaluating the narratives and social
representations constructed in the social tessiture and taking advantage of our position in a
renowned research centre (RCGI) where many experts in CCS work and study, we aim to
compare the perception of risk between experts and non-experts. This way we intend to
contribute to the enhancement of this research field in Brazil and pave the way for more
complex studies.

Methodology: Our chosen methodology is the Q-methodology, developed by physicist and
psychologist William Stephenson in 1935. Q is a qualitative and quantitative approach that
studies subjectivity through objective means, it is ideal to study the social representations of
such theme and the narratives concerning it. We chose this methodology because the vast
majority of literature on social perception of CCS uses only surveys, questionnaires and (lesser
times) focal groups or interviews, there are few articles that use mixed methods. Besides, it
allows us to access the many narratives about CCS implementation with one unique, but
carefully constructed, instrument saving time and resources. Q methodology's main research
process is the application of a set of cards with affirmations, that is the concourse, which is
carefully constructed based on literature, interviews and other readings and contains everything
spoken about a theme. The participants, then, must reorder the cards with the affirmations from
less likely their way of thinking to most likely. In our case affirmations are about the risks
related to CCS implementation, in order to form a quasi-normal structure and in this way answer
a question made by the researcher. A follow-up interview is made in order to access and clarify
the logic for the composition. Then, summing up the composition of all participants, Q-
methodology proposes a factorial analysis based on the affirmations and comprises then in
group factors that represent different points of view regarding a theme. Finally it is up to the
researchers to form the narratives underlying the grouped factors, using as complementary
sources the interviews and the literature review. In our research we plan to apply the Q-
methodology to 10 experts and 10 non-experts using a 63-card deck containing affirmations
about CCS risk perception divided in 7 artificial categories of statements: risks related to the
involved agents, risks related to the steps of production/implementation of CCS, local risks and
socioeconomic factors, global risks and factors, risks related to the environment, risks related
to psychological factors and associations related to CCS.
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Preliminary results: our expected results are: a) the formation of different narratives and social
representations regarding the risk perception of CCS implementation in Brazil, b) accentuated
differences between the experts and non-experts’ group, where c¢) experts would tend to dismiss
social risks because of their distance to the field, as well as d) present lesser technical risk
perception because of their knowledge. Also, we expect, in accordance to the literature, €) low
levels of knowledge among non-experts about CCS, even in university students, that lead to f)
high levels of CCS implementation opposition, despite g) high levels of climate change
awareness. Also, for locals h) social/local problems may be seen as more important than the
one caused by climate change, increasing the risk perception and low perception of CCS
benefits.

Preliminary conclusions: Our modest conclusions are that the CCS implementation in Brazil
shall face difficulties in regarding the social perception of it. As the technology may be seen as
an end-of-the-pipe solution and a way for oil companies to greenwash their activities.
Furthermore, we indicate a distance in between the representations of CCS risk in experts (plus
agents involved in the project deployment) and non-experts (plus locals residing the deployment
region), so we recommend that companies employ transparent communication with local
communities, envolve then in the decision making process, as well as generate clear benefits
such as jobs, payments for the land use, investments in the health and/or infrastructure systems
of the region, and have a compensation policy.

Gustavo Chagas de Morais
University of Sdo Paulo

Abstract Title: Molecularium: Immersive Experiences for Scientific Dissemination

Authors’ Names & Affiliation Institutions of all authors: Gustavo Chagas de Morais
University of S&o Paulo, University of S&o Paulo.

Abstract: Climate change presents a pressing global challenge with far-reaching impacts, many
of which unfold at a microscopic, molecular scale. These intricate phenomena remain hidden
from the naked eye, making it challenging for the public to grasp the complexities of climate
science. This project employs immersive experiences, specifically virtual and augmented
reality technologies, to bridge this comprehension gap. The project centres on Molecularium,
which allows interactive, virtual reality-based explorations of climate-related molecular
phenomena. These immersive experiences offer a tangible perspective of climate change
intricacies, effectively altering the public's perception of scale and fostering a deeper connection
with the subject. The research aims to assess the educational and dissemination impact of these
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immersive tools. The project uses classical molecular simulations to create interactive virtual
reality experiences that allow participants to delve into the molecular world. Real-time sound
enhancements via sonifications add depth to these interactions, enhancing comprehension.
These advanced simulations have been showcased to diverse audiences, including the public,
research groups, and educational institutions, receiving recognition at thematic events. The next
phase involves comprehensive data collection across various demographic groups. This data
will measure immersion levels, assess the Molecularium's effectiveness as a learning tool, and
evaluate the impact of virtual reality on comprehending climate change-related concepts.

Keywords: Dissemination, virtual reality, communication, molecular dynamics.

Introduction and Objectives: The project is dedicated to introducing the challenge of climate
change to the public using immersive experiences, specifically focusing on virtual and
augmented reality technologies. Within this context, a big part of the related phenomena
manifest on scales significantly different from the planetary scale, often occurring at the
molecular level. The project team proposes using visualisation tools and sensory aids to portray
these phenomena realistically.

The Molecularium serves as the epicentre of the research, functioning akin to a molecular
planetarium. This platform enables the interactive deployment of virtual reality tools to present
and discuss molecular phenomena, offering a perspective aligned with a low-carbon society. A
fundamental aspect of this endeavour is assessing these immersive tools' didactic and
dissemination impact.

Methodology: The Molecularium utilises computational simulations of classical molecular
dynamics to facilitate interactions in virtual reality. These interactions are rendered using the
Unity and UnityMol graphics engines connected to a server. The interactions with molecular
systems in virtual reality trigger calculations that influence the molecular dynamics of these
systems. Using the same server, immersive experiences can be extended through sound,
employing sonifications to convert system parameters into real-time sound, thus enhancing and
presenting aspects of the system during physical interaction. These interactions are conducted
using virtual reality headsets such as the Oculus Rift at controlled stations, emitting three-
dimensional sounds. These experiences are presented to the public at events, serving as case
studies. In those, collecting data for developing the platform as a science dissemination tool and
public perception mapping is possible. In line with the data collection effort, an in-depth
questionnaire is under development, focused on assessing several key aspects: the level of
immersion participants experiences during the virtual reality simulations, gauging the potential
of the Molecularium as a practical learning tool and evaluating the impact of virtual reality on
participants' comprehension of complex climate phenomena.

Preliminary results: Significant progress has been achieved in developing virtual reality
simulations over the last few months. These interactions now offer full functionality in both
interactive and passive formats. These approaches reach the potential to comprehensively
measure immersion levels and assess their impact on participants' understanding of climate
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change-related phenomena. Moreover, these advanced virtual reality simulations can be
integrated into other products with content related to various phenomena associated with a low-
carbon society, such as CO2 mineralisation, gas separation, and CO2 catalysis. Furthermore,
these advanced virtual reality simulations were presented to diverse audiences, including the
public and research groups, at various RCGI and IFUSP cores events. They have also been
showcased during educational visits to schools and across multiple disciplines at the Institute
of Physics at USP and the USP Escola. Additionally, the project gained recognition at thematic
events about low-carbon society and science communication.

Preliminary conclusions: As the project advances, the forthcoming semester presents an
opportunity for more extensive data collection involving a diverse spectrum of participants,
including primary education students, teachers, undergraduates, and researchers. This
comprehensive phase is expected to yield substantial insights, offering concrete metrics to
assess the impact of varying immersion levels on public engagement and comprehension of the
main topics. Additionally, virtual and physical versions of the Molecularium (Digital Lab and
Inova USP) are being promoted for dissemination to the public, extending the reach of
experiences and engaging with more diverse audiences. Other aspects that may come with the
data involve determining virtual reality's educational impact beyond its entertainment appeal.
So, itis essential to distinguish whether the positive responses from different audience segments
are primarily due to the technology's novelty or novelty factor, or if they signify meaningful
learning experiences. This nuanced understanding will help shape future refinements, ensuring
that the project effectively addresses a variety of the Molecularium specifics needs and interests
across a different audience and, based on the conclusions regarding the novelty of the platform,
there may be an opportunity to focus on a more targeted audience rather than a broad one.

Ricardo Pagio Betini
University of Sdo Paulo (USP).

Abstract Title: How can personality influence perception and behavior towards climate
change? An exploratory study

Authors' Names & Affiliation Institutions of all authors: Ricardo Pagio Betini- IPUSP,
Karen Mascarenhas - RCGI USP.

Abstract: The perception of climate change is modulated by several factors that are widely
discussed and systematized over time by different studies. In this sense, the influence of
personality on how people interpret and respond to environmental problems and the
development of low-carbon technologies is a relevant and complex topic. One of the most
consolidated theories regarding the constitution of an individual's personality, The Big Five
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traits or factors (or Five Factor Model), places this construct as being made up of five
dimensions or domains, which are Openness, Conscientiousness, Extraversion, Agreeableness,
and Neuroticism. Taking this into account, the study has an exploratory nature to understand
how the five traits described in the model are constituted and reflect attitudes and beliefs
regarding climate change. To do this, a bibliographic search will be carried out containing
keywords that filter articles already produced on the topic in the ScienceDirect platform
database. For each of the five traits, the frequency with which they appear in greater or lesser
intensity for pro-environmental behaviours and the particular differences between each group
that contains the same characteristics will be sought. The expected results of this study may
indicate that people with high openness and consciousness scores are more likely to perceive
climate change as an important problem. In neuroticism, the higher the score for this trait, the
more concerned they are about risks and negative impacts. It is important to highlight that
although personality is an important factor in the formation of perception, it is only one of the
modulators within other social, cultural, educational and economic factors.

Keywords: Personality; Big Five; Climate Change; Environmental Engagement.

Introduction and Objectives: Although acceptance of climate change has increased in recent
decades, the challenge of strengthening engagement in actions aimed at mitigating the problem
and more effective measures to be taken by society in general remains. Among the various
factors responsible for modulating perception, the constitution of the individual's personality is
included. The impact of this construct on the social perception of environmental problems and
climate change is investigated in several studies. This research demonstrates that different
personality traits can shape people's attitudes and reactions to environmental issues and issues
related to the acceptance of low-carbon technologies. The Big Five theory, also known as the
Big Five Personality Factor model, describes that human personality can be described in five
fundamental traits: Openness, Conscientiousness, Extraversion, Agreeableness and
Neuroticism. Each of these traits can influence the perception of climate change in different
ways. Therefore, the objective of the research is to identify how these traits are distinctly
conveyed in people's pro-environmental behaviour and engagement in relation to climate
change and carbon mitigation technologies, such as CCS or hydrogen-based technologies.

Methodology: The research is exploratory in nature and will use scientific articles already
published for bibliographical research. The database will be from ScienceDirect and the articles
will be searched using the keywords “personality”, “Big Five”, “climate change” and
“perception”. After surveying these articles, a preliminary analysis of their abstracts will be
carried out to identify whether there is a correlation with the researched topic or not. After
selecting the articles that meet the objective of this research, the analysis will focus on the
results of each study. To this end, the main information will be sought that relates solely to the
five traits of the theory used here, and how they are present in the different groups studied.
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Preliminary results: Although there are still no robust results from the research, some
inferences are possible to make given previous readings. Neuroticism, a trait associated with
the tendency to feel anxiety and worry, would be associated with greater concern about climate
change. This means that the higher the score for this trait, the more likely they are to feel
distressed by environmental threats and, therefore, the more likely they are to perceive the
severity of climate issues. Regarding conscientiousness, highly conscientious people tend to be
more disciplined and goal-oriented, which can lead them to take steps to reduce carbon
emissions and promote sustainability. Extraversion, a trait related to sociability and orientation
toward others, may influence perceptions of climate change through social norms.
Agreeableness is related to empathy and consideration for others. People high in agreeableness
may be more concerned about the effects of climate change on vulnerable communities and
biodiversity. In relation to openness, further study of the trait is needed to provide more precise
statements, as there is not a very tangible pattern based on the results of the articles that have
already been read. Preliminary conclusions: The way in which personality traits can elicit pro-
environmental behaviours is fundamental to a more complete understanding of how an
individual is able to relate environmental impacts to their own internal functioning structure. It
is worth highlighting that despite the importance of this construct for better understanding
attitudes and beliefs, other factors are also necessary to be evaluated and analysed in the
formation of social perception of climate change. The RCGI project 70 group itself has already
mapped these factors in a broad literature review. Psychological factors are addressed in many
studies on social perception of climate change. However, the impact of personality using the
big five model does not yet have a large number of disclosures on a more consolidated basis,
despite the importance of this theory for understanding human personality. Therefore, it is
necessary that more research be carried out with populations from different countries and
regions of the world, so that a real portrait of the diversity of personalities around the globe can
be expressed.

Preliminary conclusions: The way in which personality traits can elicit pro-environmental
behaviours is fundamental to a more complete understanding of how an individual is able to
relate environmental impacts to their own internal functioning structure. It is worth highlighting
that despite the importance of this construct for better understanding attitudes and beliefs, other
factors are also necessary to be evaluated and analysed in the formation of social perception of
climate change. The RCGI project 70 group itself has already mapped these factors in a broad
literature review. Psychological factors are addressed in many studies on social perception of
climate change. However, the impact of personality using the big five model does not yet have
a large number of disclosures on a more consolidated basis, despite the importance of this theory
for understanding human personality. Therefore, it is necessary that more research be carried
out with populations from different countries and regions of the world, so that a real portrait of
the diversity of personalities around the globe can be expressed.
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Abstract: Citizen science involves the public collecting scientific data using Internet-based
technologies, promoting online communities. Social networks, particularly Twitter, improve
this commitment by facilitating debates and providing access to much information. Twitter data
is analysed to measure public sentiment about climate change. Furthermore, the Natural
Language Process, specifically the BERT architecture, classifies feelings in Portuguese tweets.
This project aims to predict public opinions on climate change through time series analysis. It
is part of the Advocacy program of the Research Center for Innovation in Winter Effect Gases,
emphasising the convergence of civic science, social networks and Al.

Keywords: Twitter; sentiment analyser; machine learning; BERT.

Introduction and Objectives: Citizen science is an engaging strategy that enlists the public in
gathering scientific information. Internet-based technologies have facilitated large numbers of
volunteers contributing to scientific projects. The general public can contribute by collecting
data, mapping how environments evolve, and expressing ourselves as never before. This
conversational approach has significantly contributed to developing, establishing and nurturing
online communities. Social media can be defined as a set of online tools designed to enable and
promote social interactions. This media has revolutionised how we communicate with others
and share our daily experiences and opinions. However, there needs to be more understanding
of how social media may contribute to citizen science in the context of open data sources such
as microblogging platforms. One of the most common is Twitter, an available social media
platform. Twitter supports the conversational nature of discussions, providing easy access to a
wealth of information and data. These data can be a powerful source of insights on various
topics, including specific issues like climate change. In recent years, Twitter has gained
significant interest from the research community. Sentiment analysis of tweets has emerged as
a hot research topic. However, analysing sentiment with multiple classes has proven to be a
challenging task. This is mainly because a tweet often contains not just one but multiple
sentiments. This work uses Twitter data to map the public perception of climate change and
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energy transition issues. We introduce a novel approach for automatically classifying the
sentiment of Twitter messages in Portuguese. Machine learning techniques and tools for
sentiment analysis are applied to unveil the social pressure and tendencies on the public
perception towards low-carbon technologies. To enable computers to understand human
language, both written and spoken, we employ Natural Language Processing (NLP), a subfield
of Artificial Intelligence. An example of our practical application is sentiment classification in
sentences, such as Twitter texts. Within Natural Language Processing, the BERT (Bidirectional
Encoder Representations from Transformers) architecture has garnered significant developer
attention. It is currently regarded as the most efficient Machine Learning model in this field.
The BERT architecture may be key to providing real solutions for present and future needs.
Based on this, our work involves classifying Portuguese tweets using the BERT architecture.
We take advantage of the enormous amount of text data extracted as positive and negative, and
we can carry out a time series study to make predictions about public opinion concerning
climate change. This project is part of the Advocacy program at the Research Center for
Greenhouse Gas Innovation.

Methodology: This work uses Twitter data to map the public perception of climate change and
energy transition issues. For this, it is necessary to carry out sentiment analysis. This is
performed to rank sentences using machine learning algorithms. This means that we will
analyse the polarity expressed in the messages published on Twitter. To carry out the analyses,
we used the Natural Language Toolkit (NLTK) guide package for all NLP tasks (Haseena. et
al.,2014). Natural Language Processing (NLP) is a sub area of Artificial Intelligence that aims
to make computers capable of understanding human language, both written and spoken. The
programming language used to carry out this work is Python. It offers high-level tools, a simple-
to-use syntax, and Anaconda as a development environment because it is the right way to install
machine learning tools. The work was carried out in two stages. The first step involves creating
a database of tweets related to climate change and pre-processing the collected data. The second
step is associated with the analysis method, applying machine learning techniques to validate
the results. This Section shows the actions performed from the pre-processing phase to the
analysis phase.

Preliminary results: After completing the methodology steps, the classification algorithms
and analysis of the results were carried out. In the first step of sentiment analysis, tweets were
analysed by various sentiment analysers to determine the accuracy of these analysers. The sole
purpose of using a variety of sentiment analysers, such as VADER and BERT, was to compare
their accuracies. We can see that the accuracy using the BERT algorithm was 85% while using
VADER was 90%. VADER was better, but an advantage of BERT is that it was trained with a
database already labelled in Portuguese, while VADER is only limited to classifying the text
by adding weights to the words. In this case, VADER has a limitation: it considers newspaper
tweets as positive or negative. In contrast, with Bert, it is more personalised data, extracting
information richer in knowledge. With this classification, it is clearer to create and develop
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more efficient time series models that allow us to predict public opinion more precisely.

Preliminary conclusions: This work developed a dataset for sentiment analysis in Portuguese

using Twitter messages. This dataset can serve as a basis for new research and applications in
sentiment analysis in our language. On the other hand, we can say that feelings can be predicted
more accurately using Machine Learning algorithms, especially logistic regression and linear
SVC and Deep Learning like BERT. These have found their use in Natural Language
Processing, especially in Sentiment analysis or to determine subjective information like opinion
and emotion within a text. However, the accuracy with which each can predict the sentiment
varies. As more messages were collected than those classified as future work, more tweets were
classified to increase the size of the data set. Another of our significant results was the study of
a prediction model that was carried out based on statistical physics approaches. This approach
is known as sociophysical. We can see that the concepts of sociophysics can efficiently help to
solve more fundamental problems and that they are a powerful tool when applied.
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Abstract: The increasing energy dependence associated with the severe environmental impacts
resulting from natural resource exploitation has triggered a significant race for sustainable
solutions for economic and technological development. Simultaneously, as the human
population grows, especially in the southern hemisphere, access to technology on this side of
the world is also increasing, which may point to a scenario of significant growth in electricity
demand in the next 50 years. Furthermore, technological development has fueled urban growth,
and digital communication technologies, in particular, have transformed culture, social
relationships, and space usage. Overall, these changes further reinforce the trend of increased
energy dependence. Typically, the solution to the increasing trend of energy dependence in the
context of extreme environmental risk has been to invest in the exploration of new renewable
energy sources. As a result, there is an increase in the complexity of technological solutions
and their relationships with the environment, given the diversity of different types of energy
resources involved, as well as the relationships of technology with society and culture.
Nevertheless, traditional energy planning only concerned itself with the technical and economic
dimensions of energy resource exploitation. In recent decades, given the recognized ongoing
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environmental crisis, a new dimension has been added to energy policies and incorporated into
energy planning - the environmental dimension. Nonetheless, energy exploitation, like any
technological endeavor, as it constitutes an intervention that transforms reality, not only
physically but in its many aspects and relationships, needs to be analyzed in a broader and more
detailed manner, under the risk of harming energy justice, social and environmental
responsibility, or technical and economic infeasibility. Issues like these have been the concern
of scholars in the Philosophy of Technology, a field of study that provides tools for thinking
about technology more broadly, including its ontology, analysis, design, and ethics. In this
work, the authors seek to apply the philosophy of technology to construct a framework that
enables the mapping of the minimum aspects to be considered in energy planning in a way that
proceeds with a commitment to the ethics of responsibility and social justice without
compromising technical and economic viability. The authors also aim to highlight the potential
use of multi-criteria analysis tools in energy planning that align with this orientation.

Keywords: Energy Planning; Sustainability; Philosophy of Technology; Multi-criteria
Evaluation.

Introduction and Obijectives: Technological activity, which includes energy exploitation, is
characterized by intervening in reality to modify it. This intervention may aim to manipulate
the existing reality to serve the purposes of human survival and needs, guiding or redirecting
natural processes, or even bringing something entirely new into reality or revealing latent
meanings present in nature. In this way, technology is developed and used by humans to modify
the physical reality, potentially causing irreversible changes in natural processes. The
exploitation of natural resources for various purposes, including energy, is therefore an
intervention in the environment that can have both positive and negative impacts, or both,
Depending on the type of intervention, its intensity, and frequency, these changes may or may
not be reversible, either in the long term. According to Crutzen, the Anthropocene is the
geological period characterized by the greatest human technological activity, i.e., the greatest
human intervention in the environment, especially since the Industrial Revolution. This period
is marked by significant environmental impact, from the rapid loss of biodiversity to the
biochemical and thermodynamic imbalance of the troposphere, primarily associated with the
high emissions of greenhouse gases from technological processes, especially the exploitation
of fossil energy resources. However, since reality is multifaceted and not just physical and
concrete, the intervention of technology in reality must be considered in all possible aspects
that can be analyzed. A justified and deemed necessary intervention in the physical environment
can trigger unwanted physical reactions and even non-physical reactions, such as ethical, moral,
psychological, or political issues, among various other different natures. Therefore, it is
necessary for technological development and, consequently, the exploitation of energy
resources to be planned by considering as meticulously as possible all aspects of reality
involved in the entire process, as well as all parties involved, interested, or affected by
technological action. This work aims to present essential characteristics for responsible and
sustainable energy planning, while also being economically viable, using tools from the
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philosophy of technology and multi-criteria decision analysis.

Methodology: After identifying the main problematic issues related to technological
development and the exploitation of energy resources, the philosophical justification for
proposing an energy planning methodology was based especially on the Principle of
Responsibility proposed by philosopher Hans Jonas and the virtue ethics of Alasdair Maclntyre.
The analytical framework of Herman Dooyweerd was adopted as the basis for mapping the
aspects of the complex reality involved in the process of energy resource exploitation. Finally,
a study of tools used in other problems involving multiple criteria and stakeholders was
conducted, identifying those that could facilitate the implementation of the proposed planning
model. A test problem was devised to apply the methodology, namely, the selection of priority
renewable sources to be implemented to meet the energy demand of a specific yet-to-be-
determined location.

Preliminary results: As preliminary results of the research, through multidisciplinary
literature review, the necessary characteristics for an appropriate model of energy planning that
encompasses sustainability and responsibility requirements were recognized. Additionally, the
philosophical framework that can serve as the foundation for the research implementation was
identified, along with potential multi-criteria analysis tools that can assist in the decision-
making required for energy planning.

Preliminary conclusions: Herman Dooyweerd's Multimodal Analysis was chosen as the
philosophical theory to map the necessary criteria for a sustainable and responsible energy
planning to be applied in the process of selecting the priority renewable energy sources for a
yet-to-be-determined location. The ANP (Analytic Network Process) model, combined with
DEA (Data Envelopment Analysis), was assessed as suitable for weighting the criteria adopted
to evaluate the alternatives.
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Abstract: This study explores how the interests of the oil and gas sector are represented in the
Brazilian Congress. Specifically, it examines how congressmen who are affiliated with
parliamentary fronts supporting the oil and gas industry have addressed the topic of energy
transition in their proposals, votes, speeches, and statements. To achieve these objectives,
Content Analysis, assisted by Atlas.ti software, will be employed. The hypothesis underlying
this study is that congressmen aligned with the interests of the fossil fuel sector may have
worked to obstruct initiatives aimed at a swift transition to cleaner energy; however, they did
not ultimately succeed due to the low level of association and efficiency of the parliamentary
fronts in defence of the sector.

Keywords: Parliamentary Fronts, Brazilian Congress, Oil and Gas, Energy Transition, Content
Analysis, Atlas.ti.

Introduction and Objectives: The purpose of this study is to explore how the interests of the
oil and gas sector are articulated in the Brazilian Congress. It specifically examines how the
issue of energy transition has been addressed by congressmen connected to parliamentary fronts
that have promoted the oil and gas agenda during current and past legislatures both in Senate
and in the Chamber of Deputies, such as the Parliamentary Front for the Sustainable
Development of Oil and Renewable Energy, the Parliamentary Front in Support of Oil, Gas and
Energy, the Parliamentary Front in Defence of Oil-Producing Municipalities, and the
Parliamentary Front for Natural Resources and Energy. We want to achieve this by looking at
the votes, stances, speeches, and statements that legislators made from 2010 to 2023 about
decarbonisation and the energy transition, with a focus on those from congressmen who are
members of parliamentary fronts connected to the oil and gas business. Given the rising demand
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for emissions reduction in Brazilian society and Brazil's international commitments, we also
seek to understand how these fronts and congressmen have interacted with the ideas of
decarbonization and energy transition and to identify any alternative strategies that they may
consider.

Methodology: To pursue our research question, we will employ Content Analysis, supported
by Atlas.ti software. Content Analysis is a methodology that can take either a predominantly
quantitative or qualitative approach. The quantitative approach focuses on the frequency of
specific terms (words, expressions, themes) within a corpus of text, while the qualitative

approach aims to examine lexical choices as well as associations and oppositions between
terms, plus the visibility of certain elements in the text (Smith, 2000; Bauer, 2002). In this study,
we have opted for a predominantly qualitative analysis because our research question requires
the examination of subjective information and a deeper interpretation of the results. As for
Atlas.ti, it is a computer-based qualitative data analysis software (CAQD) that streamlines the
categorisation of a substantial volume of text - or even audio and visual data - through the use
of algorithms. This software replaces the manual coding of texts that is typically employed in
the Content Analysis method, thus facilitating the analysis process. The coding process begins
with the selection of passages deemed relevant to the research questions, followed by
explanations or descriptions of their content for subsequent consultation, comparison, and
classification. The data used were collected from proposals related to the oil and gas industry
presented in Congress, such as bills, provisional measures, requests, resolutions, legislative
decrees, and proposals for amendments to the Constitution. The following proposals with an
impact on the oil and gas agenda were found through a preliminary search on the websites of
the Chamber of Deputies and the Senate:

1 Bill 3924/2012 (incentives for energy production from renewable sources). [J Bill 3280/2015
(provides for the new National Policy on Climate Change).

) Bill 3834/2015 (requirements for adding biodiesel to diesel).

1 Bill 528/2015 (minimum price policy for road cargo transport).

1 Bill 6488/2016 (provides for the establishment of both the National Energy Policy Council
and the National Agency for Qil)

() Bill 9086/2017 (provides for the National Biofuels Policy, known as RenovaBio). [ Bill
4476/2020 (promotion of the natural gas industry).

[ Bill 3552/2023 (provides for the commercialization of Liquefied Petroleum Gas) [ Bill
3947/2023 (provides for transparency in the composition of costs and price in the production
chain of fuel production)

(1 Provisional Measure 795/2017 (special regime for oil and gas exploration). [1 Provisional
Measure 814/2017 (provides for the generation of thermoelectric energy based on fossil fuels).
From that point, we will investigate votes, speeches, and statements made by congressmen in
the moment that these proposals were introduced.
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Preliminary results: Thematic parliamentary fronts have become increasingly present in the
Brazilian legislature since democratisation. These fronts (also known in the literature as
congressional member organisations, caucuses, or intergroups) can be defined as an association
of congressmen from different parties to promote discussion and legislation on a particular topic
(Cascioni and Arajo, 2019; Simionatto and Costa, 2012; Ringe, Victor, and Carman, 2013).
These fronts have developed as a result of political parties' compositions, which frequently do
not reflect the particular preferences of different societal segments. As a result, supra-party
organisations, or so-called informal benches, start to appear in the National Congress with the
aim of advancing the causes, ideas, and interests of specific sectors. Although these interests
can be diffuse, i.e., related to social problems, moral matters, and environmental and economic
concerns, the object par excellence of the parliamentary fronts is directly linked to some type
of concrete economic interest from different segments of society (Simionatto and Costa, 2012;
Diap, 2022; Vogel, 2005). However, because of their characteristics, non-party fronts are rarely
able to determine the votes of their members. Apart from the presentation of the list of
signatures for its creation and the statute submitted for its registration, there is no control over
participation on Parliamentary fronts. A variety of elements, including regional and corporate
affinities, are present within them to varied degrees (Cascioni and Arajo, 2019; Simionatto and
Costa, 2012). With regard specifically to parliamentary fronts related to promoting the interests
of the oil and gas industry (notably the Parliamentary Front for the Sustainable Development
of Oil and Renewable Energy, the Parliamentary Front in Support of Oil, Gas, and Energy, the
Parliamentary Front in Defence of Oil Producing Municipalities, and the Parliamentary Front
for Natural Resources and Energy), their performance does not seem to have been remarkable,
especially when compared to other fronts, especially the well-known Parliamentary Front for
Agriculture and Farming. There are several reasons for this. One noteworthy fact is that a large
number of oil and gas companies have already increased their efforts to include renewable
energy in their portfolio; as a result, they are also very interested in increased government
incentives for the production of cleaner energy, leaving the majority of the party and
congressional sensitization to the fossil fuel agenda to representatives from regions heavily
dependent on these revenues. However, there is still a lot that needs to be clarified about how
these legislative fronts operate and whose interests they favour.

Preliminary conclusions: Our initial conclusion is that congressmen aligned with the oil and
gas agenda, especially those from constituencies highly dependent on revenues from this
industry, have worked to impede initiatives aimed at a rapid transition to cleaner energy by
pooling their actions in thematic parliamentary fronts dedicated to protecting the fossil fuel
segment. However, the degree of cohesion within these fronts, in addition to the effectiveness
and success of their proposals and actions, is still uncertain and needs to be further investigated.
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Abstract: Carbon Capture, Utilisation and Storage (“CCUS”) has been identified as one of the

most advanced technologies available for the reduction of emissions and the reduction of carbon
levels in the atmosphere. CCUS is expected to account for almost 15% of the cumulative
emissions reduction, and its contribution to the net-zero agenda increases as the technology
improves and the related costs fall. Although estimates for the necessary level of growth differ,
it is indisputable that a significant expansion of the CCUS technologies is needed to meet Paris
Agreement commitments. Expanding CCUS will, however, require governments to address
current barriers to the scalable deployment of CCUS techniques. Furthermore, in order to ensure
the successful development an deployment of CCUS, legal and regulatory frameworks geared
towards ensuring the safety and efficacy must be established. This chapter delves into the legal
challenges and concerns with regard to the implementation and use of CCUS, as well as the
global trends, legal policies and norms which have emerged. Following this discussion,
recommendations are offered towards the mitigation of any barriers against the development
and deployment of CCUS. Some of these legal challenges and concerns include the safe and
secure storage of CO2, property rights, and disputes as to liability. The approach to CCUS and
the global trends, legal policies and norms are explored in the United States, Canada, the United
Kingdom and Europe. These States have all utilised their own incentives and policies to
encourage the expansion of CCUS technologies across their jurisdictions and have even
engaged in international cooperation by implementing bilateral agreements for mutual
assistance between States. Notwithstanding, there are still significant barriers to the scalable
deployment if CCUS technologies, accordingly, recommendations including CCUS legislation
and economic policies have been proffered.

Keywords: key Words: CCUS, Sustainable Development, Legal Framework, United States,
Canada, United Kingdom, Europe.

Introduction and Objectives: The deployment of CCUS can help counties reach emissions
reductions targets while still pursuing economic growth and a cleaner environment, thus
advancing energy justice. Global energy demand is expected to grow between now and 2050
and to outpace the construction of new renewable sources. According to a forecast by the
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International Energy Agency (IEA), CCUS is expected to account for almost 15% of the
cumulative emissions reduction, and its contribution to the net-zero agenda increases as the
technology improves and the related costs fall. Similarly, an analysis by McKinsey & Company
posits that over 25,000 industrial carbon emitters across the globe can be decarbonised through
the adoption of CCUS technologies. Although estimates for the level of growth necessary differ,
it is clear that a massive expansion of CCUS is needed to meet Paris agreement commitments.

Expanding CCUS will however require governments to address current barriers to the scalable
deployment of CCUS techniques. These include incomplete or absence of regulatory and policy
frameworks, lack of emissions reduction mandates such as carbon pricing, insufficient
incentives for investment in CCUS technologies, and challenges with social license, justice,
and public acceptance of CCUS applications. These barriers inhibit the industrial
implementation and up-scaling of CCUS applications. Likewise, the successful development
and deployment of CCUS relies on the establishment of legal and regulatory frameworks to
ensure the effective stewardship of CCUS activities and the safe and secured storage of carbon.
Although regulatory approaches differ, a commitment to scaling CCU necessitates significant
public investments in innovation, outreach and education, and regulation. IEA identifies 25
priority legal and regulatory issues for CCUS legislative frameworks including permitting and
environmental reviews, enabling first mover projects, addressing liability and transboundary
issues, and ensuring safe and secure storage. In addition, legislation should integrate CCUS
with other legal frameworks for emissions regulation or reduction, including emissions trading
and reporting programs and carbon taxes, and with regulations related to climate disclosures
and greenwashing. In some cases, legislative frameworks may also include policies providing
specific support to cover for the high costs of CCUS operations. This may include provisions
on direct investments in innovation, and research and development, or in loan guarantees, as
through the United States programs authorized by the Inflation Reduction Act and the EU’s Net
Zero Industry Act, or through tax incentives such as those in place in the United States and
Canada.

Methodology: Doctrinal Research.

Preliminary results: The achievement of carbon reduction and negative emissions through the
adoption of CCUS technology calls for the implementation of appropriate regulations and
policies that support the development and deployment of such technology. As affirmed by the
United Nations (UN) through its sustainable development agenda, the prevention of climate
change requires the integration of preventive and mitigating measures into national policies,
strategies and planning. Such regulatory and policy support may take the form of government
regulation through the command-and-control approach, market-based regulation and
incentives, and the adoption of principles consistent with the just and responsibility deployment
of emissions reduction and carbon removal technologies. To meet nationally determined
contributions, governments around the world are implementing regulatory and policy support
for the development and application of CCUS technology within their jurisdictions.
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Preliminary conclusions: Deployment of CCUS is indispensable to the achievement of the
climate targets endorsed by the Paris Agreement. Factors such as absence of or incomplete
regulatory and policy framework, lack of emissions reduction mandates, insufficient incentives
for CCUS investments, etc., however pose significant barriers to the scalable deployment if
CCUS technologies. These barriers may be effectively addressed through the adoption of robust
legal and regulatory frameworks for CCUS both at national and international levels. Moreover,
to ensure sustainable deployment of CCUS, States must enact economic policies to encourage
project development, establish and enforce legal frameworks to encourage transparency and
protect public interests in health, safety, the environment, and property. Even with appropriate
regulatory regimes, CCUS will not achieve its commercial potential without public support.
This is required for research and development related to technology demonstration and site
characterization. Additionally, to achieve social license and address concerns of distributive
justice, deep community engagement, outreach, and education are essential. These efforts are
underway to varying extents in jurisdictions worldwide. Communication and knowledge
sharing can however help accelerate these developments.
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Abstract: Bioenergy is a sustainable alternative for energy production, standing out for its
versatility in raw materials and forms of use. This energy solution has a significant potential to
impact climate action, especially when combined with Carbon Capture and Storage (CCS),
which is called Bioenergy with

Carbon Capture and Storage (BECCS). It is well known that social perception influences the
acceptance and support for energy projects and its investigation is essential to progress in the
energy transition agenda. When it comes to the social perception of bioenergy, its range of
usage and biomass sources turn out to increase the complexity of this inspection, as there are
many different types of bioenergy perception to study, although some similar aspects can be
found. This study analysed 171 articles from “O Estado de Sdo Paulo”, most from the printed
newspaper, the second most read in Brazil. The methodology used quantitative and qualitative
analysis through the Atlas TI software. This research aims to find the most prevalent narratives
on the bioenergy subject by analysing the social perception of a Brazilian journal that
significantly influences the Brazilian population. It is expected that findings will point out that
the investigated newspaper is favourable to energy transition using bioenergy, but has its
reservations.

Keywords: bioenergy, social perception, energy transition, media.

Introduction and Objectives: As much as energy transition is a central subject to climate
change action, the social perception of this theme is crucial to making it possible. Within this
context, bioenergy is one of the leading low-carbon solutions for the future, considering its
versatility and its low carbon footprint. Using a variety of biomass sources, different products
or energy services are obtained from bioenergy production, such as ethanol, biogas, or thermal
energy. One of bioenergy’s potential relies on the production of biofuels, which can be an
important solution for replacing fossil fuels. The biomass production chain itself captures
carbon through photosynthesis, but it is also possible to combine Carbon Capture and Storage
(CCS) with this alternative, resulting in the so-called BECCS. Those solutions combined play
a crucial role in decarbonizing sectors such as heavy industry, aviation, and trucking in the Net
Zero Emissions by 2050 Scenario. However, the installation and success of energy projects do
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not depend exclusively on industry plans as social perception interferes with its acceptance. We
can use as an example the perception of residents living close to biomass power plants or even
the society being favourable or not to the clean energy solutions. When it comes to newspapers,
their opinion and impressions are fundamental to influencing society's perception of any
subject. That being pointed out, this data collection is justified by bioenergy’s relevance as a
low-carbon solution and by Brazil’s noteworthy position in this sector as the world's second-
largest producer of biofuels for the transport sector. In this context, the objective of our work is
to research and interpret the social perception of bioenergy using Social Sciences such as Social
Psychology to understand society’s views and sentiments towards bioenergy and use this
knowledge to impulse the carbon neutrality agenda.

Methodology: To investigate the most prevalent narratives and discussions on bioenergy and
BECCS, this study uses published articles of the mass circulation Brazilian newspaper “O
Estado de Sao Paulo”, that is almost 150-year-old and a traditional Brazilian newspaper that
has a significant influence on national media, being the second-most printed paper in the
country and one of the most read in Brazil’s business capital. By selecting this newspaper to be
our analysed data, our study aims to investigate the narratives that influence millions of
Brazilians every day. To select the articles, the word “bioenergy” and “BECCS” was filtered
using the search tool from the newspaper’s website, limiting the period from January 2018 to
July 2023. It was used as criteria to target all the published articles from Jan 2018 to August
2023, considering the increase of the international interest on the climate acting theme in the
last years. A copy of these articles was transferred to ATLAS.ti to initiate the analysis.
ATLAS.1i. is a computer assisted qualitative data analysis software that facilitates analysis of
qualitative data for qualitative research, quantitative research, and mixed methods research.
This tool that supports locating, coding/tagging, and annotating features within bodies of
unstructured data. By choosing this software, our investigation aims to frame a content analysis
of “O Estado de Sao Paulo's” most prevalent opinions on bioenergy and BECCS.

Preliminary results: This study aims to analyse and contribute to understanding the narratives
and feelings of a relevant Brazilian press media vehicle. Our investigation contributes to
comprehending society’s perception of bioenergy and BECCS, which has great importance to
the government and to companies interested in investing in those solutions. To generate
valuable data for those objectives, this investigation aims to present specific period-related
narratives and numbers, connected to important national and global events. On this matter, it is
expected to discover a higher frequency of publications close to global environments such as
COPs and other United Nations events, and to find an increase in publications on bioenergy and
BECCS over the years. Also, our study expects to classify and analyse the most prevalent
feelings in the investigated publications, having in prospect to find favourable feelings about
companies' investments in clean energy and mixed feelings about the Brazilian government's
position in this matter. When publishing energy transition-related articles, “O Estado de Sao
Paulo” allocates the subject to the Economy & Governance category, indicating a potential
tendency to share a business-influenced perspective. Therefore, is expected to find frequent
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Environment, Social and Governance (ESG) and company-related news, promoting a positive
and hopeful view on investing in bioenergy projects.

Preliminary conclusions: Brazil has a historical-constructed relationship with biofuels, which
contributes to the society’s knowledge and proximity to this solution - which we cannot extend
to BECCS. Furthermore, Brazil has great bioenergy potential, maintaining this solution as one
of the most reliable from the perspective of society in the country. Considering these points, it
is possible to understand that there is a tendency to find positive perspectives regarding the
advancement of bioenergy in the country. Other advances have been made in the country in this
regard, such as the development of hydrogen fuel from ethanol, proving to be a solution that
generates even more clean energy options. Therefore, it is important to be informed and delve
deeper into the perceptions of Brazilian society about this solution.
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Abstract: The aim of this study is to assess how the idea of decarbonisation and the energy
transition by the oil & gas industry has been approached by Brazilian stakeholders, especially
by media outlets and political actors. To do this, we will analyse articles on the subject from
the newspapers with the highest print circulation in Brazil, as well as statements and legislative
proposals made by political actors. This comprehensive analysis encompasses the period
spanning from 2013 to 2023. After identifying the main ideas from these stakeholders, we will
deepen the analysis through in-depth interviews using a quantitative and qualitative Q-
methodology analysis. Our hypothesis is that the way these actors perceive and communicate
the issue of decarbonisation plays a fundamental role in the alternatives proposed for emissions
reduction and energy transition in the country. Additionally, their views as opinion leaders have
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a significant influence on public perception towards or against alternatives and players.
Therefore, we aim to identify which alternatives they envisage when the issue of
decarbonisation is raised and whether these alternatives materialise in legislative proposals to
the parliament. Finally, we aim to map narratives and sentiments - positive, negative, or neutral
- about the oil & gas industry's decarbonisation process and energy transition efforts.

Keywords: Brazilian Media, Brazilian Parliament, Oil & Gas, Decarbonization, Energy
Transition, Public Perception, Grounded Theory, Q-Methodology.

Introduction and Objectives: Public perception of decarbonisation is of fundamental
importance to energy transition projects. Public resistance can be one of the greatest challenges
to the implementation of these projects since the reproduction of certain discourses, either by
the media or by politicians, provides the general public with tools with which a problem is
constructed, dominating the way a given society thinks about it (Hajer, 1995).

Therefore, this study aims to monitor social perceptions about decarbonisation in the oil & gas
industry in Brazilian society, investigating how certain discourses and narratives shape
perceptions and attitudes about the subject. By examining different media coverage, we seek to
identify how the energy transition is portrayed in these discourses and what alternatives (i.e.,
renewable energy, cutting-edge mitigation technologies, energy efficiency) are offered. By
examining proposals and statements made in the Brazilian parliament, we aim to analyse the
media impact on the political arena as well as the alternatives envisaged by Congressmen.
Finally, we will examine which narratives actually end up in legislative proposals.

A further step is to assess how these discourses are, in fact, assimilated by some key actors
(academics, business people, politicians, influencers). This assessment will be made using the
Q methodology. The final objective is to create an analytical framework that identifies the
dominant narrative lines regarding the energy transition in Brazil, classifies certain categories
of thinking, and proposes hypotheses for subsequent research.

Methodology: Our methodological framework consists of (i) Grounded Theory, supported by
the Atlas.ti software; (ii) interviews using the Q Methodology.

The choice of Grounded Theory stems from the fact that this study is exploratory in nature. It
departs from the elements brought by the texts to propose categories of analysis rather than
conforming the data to a specific theory. According to Denscombe (2007), grounded theory
analysis seeks to identify key concepts through the use of codes and categories. The
development of these concepts is the main purpose of the analysis, as they offer a new
perspective on the data and form the basis for any theories or broad generalisations that may
emerge from the study.

A computer-aided qualitative data analysis (CAQD) programme called Atlas.ti will help to
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categorise the texts through the use of algorithms. This programme speeds up the analysis

process by replacing the manual coding of texts. The coding process consists roughly of
selecting passages of text that may be relevant to the study, followed by a description or
explanation of their content for later consultation, comparison, and classification.

The data used was collected from four Brazilian newspapers (Folha de Sao Paulo, O Globo,
Estado de Séo Paulo, and Valor). These four outlets were chosen because they are the four
largest in terms of digital subscriptions in Brazil (Reuters, 2023; Yahya, 2023; Lubianco, 2021).
Regarding the parliament, we collected proposals related to the oil and gas industry presented
in Congress, such as bills, provisional measures, resolutions, and legislative decrees, as well as
statements made by congressmen, especially those that are part of parliamentary fronts related
to the interests of the oil and gas industry.

The second step of the research will be to apply the Q methodology to key stakeholders. The
interviews will be used to gain a better understanding of how they understand concepts such as
decarbonisation and energy transition and what alternatives they see on the horizon. The Q
approach was adopted in order to extract latent discourses from the data provided by the
stakeholders by aggregating and correlating individual responses (Barry & Proops, 1999).

Results: With regard to the public opinion issued by the Brazilian media, our initial hypothesis
is that the media discourse of the analysed media outlets does not differ significantly from each
other, with the issue of decarbonisation and the energy transition being dealt with depthlessness.
So far, we have noted a tendency for more reports during events such as climate summits or
extreme weather episodes. We have also noted a tendency to reproduce discourses that come
from the international media, some of which are not always applicable to the Brazilian reality
and are therefore replicated in an uncritical manner. Another way in which the subject is
exposed in the media is through content sponsored by companies or institutions.

The issue of energy generation - especially with regard to fossil fuels - is portrayed around the
world through discourses and narratives not always accurate in the particularities, simplifying
complex issues. Therefore, the uncritical reproduction of certain discourses competes to hinder
possible alternatives, which can differ considering each country’s resources and potentialities.

In the political sphere, it is expected that parliamentarians with constituencies in states where
the oil and gas industry plays a fundamental role in the economy (e.g. Rio de Janeiro) will have
their agendas more closely tied to the industry's interests and will move away from the discourse
of rapid energy transition, emphasising the importance of the oil and gas sector in generating
income, jobs and energy security. We, therefore, expect their behaviour in Congress to follow
this agenda, either with a nationalist/developmental stance (e.g. in favour of state participation
and Petrobras) or with a liberal approach (e.g. in favour of privatisation and involvement of the
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major oil companies).

We believe that the narratives coming from media and political actors have a strong influence
on the understanding of other stakeholders involved in energy transition, from experts to lay
public, which needs to be confirmed by the Q methodology.

Preliminary conclusions: Our preliminary conclusion is that the way in which the issue of
decarbonisation is communicated by the country's key opinion makers is crucial to society's
understanding of the problem and therefore plays a crucial role in the selection of mitigation
projects. We believe there is a strong correlation between how the media and politicians portray
certain mitigation alternatives and the adoption of legislation to make them feasible. In addition,
we believe they also influence the perceptions of key stakeholders on the issue and society in
general.
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Abstract: Carbon removal technologies (CDR) appear in most of the scenarios outlined by the
IPCC for the achievement of the objectives outlined by the Paris Agreement. Among them, the
technology that combines bioenergy production associated with carbon capture and storage
(BECCS) stands out for its double absorption of CO2, either in the biomass production phase
or in the use of the capture method. Several studies show that Brazil has significant potential
for the use of BECCS technology to reduce its emissions and comply with international
agreements. The present study aimed to analyze the Brazilian regulation on the subject and
compare it with international standards. To do so, the methodology used was legislative and
bibliographical descriptive and explanatory research, based on the legal method of deductive
and comparative reasoning. It was possible to identify that Brazil does not have a specific
regulation for BECCS, being, however, applicable by analogy to other regulations, such as the
National Policy for Climate Change, the National Solid Waste Policy, the National Policy for
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Biofuels and the Bill No. 1425 of 2022, which aims to regulate the capture and storage of carbon
in the country. In addition, some points of convergence were detected between the aptitude and
pertinence of the Low Carbon Fuel Standard adopted by the State of California, in the United
States, which could, once again, positively inspire Brazilian legislation in the sense of
encouraging the expansion of technology to take advantage of the national potential in the
ethanol industry.

Keywords: Bioenergy. BECSS. Negative emissions.

Introduction and Objectives: The latest report prepared by Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC, 2021) offers
relevant new scientific evidence that makes it unequivocal that the global climate system is
changing under the influence of human activities, resulting in losses that influence the global
ecosystem.

Pdrtner (2022), referring to the report, points out that "any delay in global, coordinated and
joint action will lead to the loss of a brief window, which is rapidly closing, to ensure a habitable
future™ and that global efforts to take effective action to mitigate greenhouse gas emissions have
so far not had the necessary effects. The results of integrated assessment models show that the
energy transition will require more than rapid mitigation of greenhouse gas emissions but also
technologies for removing GHGs from the atmosphere, the so-called CDRs (carbon dioxide
removal) to achieve a life cycle of a given activity with capture than emissions (negative
emissions) (IPCC, 2019). In this sense, technologies that integrate existing activities and adapt
them to mitigate or reduce greenhouse gas emissions, aggregating them to generate other social
benefits, have great potential to contribute to the country's goals. Most of the scenarios outlined
by the IPCC that approach the limit of 1.5°C above pre-industrial temperatures consider the use
of technologies that directly or indirectly result in negative carbon emissions, or NETs (IPCC,
2022). Bioenergy production technology with carbon capture and storage (BECCS) combines
the generation of energy (electricity or fuel) associated with the capture of GHGs throughout
its life cycle and the consequent storage of carbon dioxide permanently (IEA, 2022). According
to recent literature, the bioethanol production industry has the potential to develop this
technology (Tanzer et al., 2021). However, studies indicate that BECCS technology is unlikely
to grow without a supportive regulatory framework and political attention (Fridahl; Lehtveer,
2018).

In this context, this article sets out to investigate i) whether there is Brazilian legislation on
BECCS ii) which national legislation can be applied to BECCS by analogy in the event of a
legal gap iii) and which international legislation can inspire a potential national framework on
this technology. IPCC, 2022: Climate Change 2022: Impacts, Adaptation and Vulnerability.
Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [H.-O. Pértner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K.
Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Léschke, V. mdller, a. okem, b. rama
(eds.)]. Cambridge University Press. Cambridge University Press, Cambridge, UK and New
York, NY, USA, 3056 pp., d0i:10.1017/9781009325844.
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Methodology: The methodology applied is based on descriptive and explanatory legislative
and bibliographical research using the legal method of deductive and comparative reasoning,

whose methodological cut was based on the framework of federal laws and those of selected
countries.

In order to research the relevant national regulations on the subject, consults in the Brazilian
websites of the Planalto Federal and the Senado Federal was made. The analysis of the selected
regulations focused on what they say about the use of biomass energy and the reduction of
greenhouse gas emissions, seeking to identify the extent to which BECCS technology fits into
the guidelines. In order to search for international regulatory references, the first step in the
research methodology used was to identify the countries that already have BECCS projects in
operation using the Global CCS Institute database. So Scientific articles were then searched for
in the multidisciplinary databases Scopus and ScienceDirect, using the terms: "regulation and
BECCS"; "legislation and bioenergy and carbon capture™ and "regulation and bioCCS".

In addition to the search for scientific articles, official websites of the state and national
governments of the countries where commercial BECCS projects were located were consulted
to access the policies that promote the technology. Poértner, Hans-Otto., IPCC. Sixth
Assessment Report: Impacts, Adaptation and Vulnerability. Press Release. P28 Feb. 2022.
https://www.ipcc.ch/report/ar6/wg2/resources/press/press-release/. Acess: 29 aug. 2023. IPCC,
2019: Summary for Policymakers. In: Climate Change and Land: an IPCC special report on
climate change, desertification, land degradation, sustainable land management, food security,
and greenhouse gas fluxes in terrestrial ecosystems [P.R. Shukla, J. Skea, E. Calvo Buendia, V.
Masson-Delmotte, H.- O. Portner, D. C. Roberts, P. Zhai, R. Slade, S. Connors, R. van Diemen,
M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, E.
Huntley, K. Kissick, M. Belkacemi, J. Malley, (eds.)].
https://doi.org/10.1017/9781009157988.001

IEA (2022), Bioenergy with Carbon Capture and Storage, IEA, Paris

https://www.iea.org/reports/bioenergy-with-carbon-capture-and-storage, License: CC BY 4.0
Tanzer, S. E., Blok, K., & Ramirez, A. (2021). Decarbonising Industry via BECCS: Promising
Sectors, Challenges, and Techno-economic Limits of Negative Emissions. In Current
Sustainable/Renewable Energy Reports (Vol. 8, Issue 4, pp. 253-262). Springer Nature.
https://doi.org/10.1007/s40518-021- 00195-3

Fridahl, M.; Lehtveer, M. Bioenergy with carbon capture and storage (BECCS): Global
potential, investment preferences, and deployment barriers. Energy Research and Social
Science, v. 42, p. 155- 165, 1 ago. 2018. https://doi.org/10.1016/j.erss.2018.03.019

Preliminary results: Even though there are ongoing projects and research indicates an
untapped potential regarding BECCS technology, national legislation has not been developed
with it as a focus or designing all possible uses for its expansion in the country. It can be inferred
that there are still regulatory gaps and room for policies and mechanisms that can provide
security for the expansion of the sector and take advantage of the potential to contribute to the
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international obligations to reduce greenhouse gas emissions. Even though there are still no
specific regulations in Brazil, can’t be said that it is unfeasible to set up a BECCS project in the
country since various regulations can be used analogously for its implementation. Law No.
12.187 (National Climate Change Policy), of December 29, 2009, Law No. 12.305 (National
Solid Waste Policy), of August 2, 2010 Law No. 13. 576 (National Biofuels Policy), of
December 26, 2017, and potentially Bill 1425, of 2022, added to the environmental licensing
procedure, would already be enough to support energy use measures linked to BECCS and
measures to reduce greenhouse gas emissions in all sectors considered difficult to decarbonize.
According to its justification, the project aims to fill a regulatory gap, creating legal stability
that allows the agents involved some security for long-term investments. Brazil's potential for
combining the production of bioenergy with CCS (BECCS) is also highlighted in the
justification, which mentions it as a first step on a disruptive path of no return for a country at
the forefront of environmental issues to become more competitive in offering products with
"negative emissions"” (Prates, 2022).

As in Brazil, most of the countries studied do not have specific regulations for BECCS
technology, basing it on various federal or state guidelines, such as those regulating access to
land, atmospheric emissions, access to geological sinks and carbon capture and storage (CCS)
technology. A search of the Global CCS Institute database (https://co2re.co/FacilityData, 2023)
revealed that BECCS projects exist in the following countries, in addition to Brazil: The United
States, Sweden, Canada and the United Kingdom.

Considered the "most progressive specific incentive globally” the US Section 45Q tax credit
for carbon sequestration denotes the maturity of the Country's regulations to open up a huge
market (GLOBAL CCS INSTITUTE, 2021).

At the state level, the most relevant program to mention is the one implemented by the State of
California called the California Low Carbon Fuel Standard (LCFS). The project is part of a
broader set of programs in California to reduce greenhouse gas emissions (California, S/D).
The LCFS is designed to encourage the use and production of low-carbon fuels in the
transportation sector and therefore reduce GHG emissions and decrease the sector's dependence
on oil (California, S/D). The policy has already been associated with RenovaBio is the Low-
Carbon Fuel Standard.

Preliminary conclusions: This study set out to analyse Brazilian regulations on bioenergy
technology combined with carbon capture and storage (BECCS), seeking to identify gaps, find
references and highlight the importance of the technology in the current climate change context,
where it is necessary to reduce greenhouse gas emissions. In order to do this, it started with
some research questions, from which it was possible to identify that Brazil does not have
specific regulations for BECCS, although it is possible to apply other regulations by analogy,
such as the National Climate Change Policy; the National Solid Waste Policy; the National
Biofuels Policy and Bill 1425 of 2022, which aims to regulate carbon capture and storage in the
country. It was also possible, through a comparative study of other countries' regulations on the
subject, to identify some points of convergence between the potential and relevance of the Low-
Carbon Fuel Standard policy adopted by the State of California in the United States of America,
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which could positively inspire Brazilian legislation in order to encourage the expansion of
technology to take advantage of the national potential in the ethanol industry.

Adopting another calculation model more geared towards the expansion of BECCS technology
could make it more attractive, insofar as it could represent a negative emission in a global
market. The conclusion is that it is important to have specific regulations coordinated with
planning and stimulus policies, considering the particularities and the national context. Brasil.
Lei n° 12.187, de 29 de dezembro de 2009. Politica Nacional para as Mudangas Climéticas —
PNMC. Brasilia: DOU 30.12.2009. https://www.planalto.gov.br/ccivil_03/_ato2007-
2010/2009/1€i/112187.htm

Brasil. Lei n® 12.305, de 2 de agosto de 2010. Politica Nacional de Residuos Solidos. Brasilia:
DOU 3.8.2010. https://www.planalto.gov.br/ccivil_03/ ato2007-2010/2010/1ei/112305.htm
Brasil. Lei n® 13.576, de 26 de dezembro de 2017. Politica Nacional de Biocombustiveis
(RenovaBio). Brasiliaz DOU 27.12.2017. http://www.planalto.gov.br/ccivil_03/_ato2015-
2018/2017/1ei/113576.htm Brasil. Projeto de Lei n® 1425, de 2022. Disciplina a exploragédo da
atividade de armazenamento permanente de dioxido de carbono de interesse publico, em
reservatorios geoldgicos ou temporarios, e seu posterior reaproveitamento.
https://www25.senado.leg.br/web/atividade/materias/-/materia/153342.

Califoria. Air Resources Board. Low Carbon Fuel Standard. S/D. https://ww2.arb.ca.gov/our
work/programs/low-carbon-fuel-standard.

GLOBAL CCS INSTITUTE. Insights and Commentaries. 45Q: The “Most progressive CCS
specific incentive globally is now open for Dbusiness. 24 Mar. 2021.
https://www.globalccsinstitute.com/news media/insights/45g-the-most-progressive-ccs-
specific-incentive-globally-is-now-open-for-business/
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Abstract: Sugarcane is an essential crop in the Brazilian agricultural scenario, mainly used as
a feedstock for sugar and bioethanol production, contributing to mitigate carbon emissions.
Attention to the production of biofuels has led to a scientific advance in understanding
sugarcane physiology, biochemistry, and molecular biology. Integrating the sugar sensing and
signalling processes with hormonal networks systemically helps design strategies to modulate
plant growth, increase yield, and adapt to different climatic conditions. Here, we employed
biochemical analyses to determine the levels of polyamines (PAs), amino acids, abscisic acid
(ABA), and indole-3-acetic acid (IAA) in leaves and culms of sugarcane. Also, a bioinformatic
analysis was performed to identify a set of genes related to these biosynthesis and hormonal
signalling pathways. PAs were most abundant in leaves, particularly putrescine. The most
abundant amino acids were ornithine and lysine in leaves and asparagine, glutamine, and
histidine in culms. High levels of hormones IAA and ABA were detected in leaves during the
last month of sugarcane development. A deep search by genes related to receptors and
signalling of ABA, BR signalling, PAs-, ethylene- and amino acids-biosynthesis allowed the
recovery of 3042 sequences from 7 sugarcane databases (transcriptomes and genomes). After
restrictive filtering (coverage, presence of domains, and removing redundant sequences), 784
candidate sequences remained corresponding to 36 groups of genes from the pathways
described above. In silico expression profiles revealed that genes related to PAs biosynthesis
and ABA- and BR-signalling were the most expressed in two sugarcane transcriptome datasets
(root development and stress conditions). These findings could be used to genetically modify
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sugarcane to accelerate growth and sugar accumulation.

Keywords: hormones signalling, growth, carbon, bioenergy, metabolism.

Introduction and Objectives: Integrating the sugar sensing and signalling processes with
hormonal networks constitutes a strategy to increase the capacity and resilience of crops to
extreme environmental conditions. In this way, is fundamental to understand the plant
hormones signalling pathways through studies that promote a better knowledge of stress
responses, cell wall structure, and energetic metabolism. The integrative plant perception and
management of carbohydrates and other metabolites could serve as a control mechanism to
integrate external environmental factors, nutrient homeostasis, developmental programs, and
stress response to anabolic and catabolic processes. In this core, amino acids and plant
hormones pathways [including polyamines (PAs), brassinosteroids (BRs), abscisic acid (ABA),
auxins as Indole-3-acetic acid (IAA)], as well receptors and signalling components act in
concert in numerous plant physiological processes, which determine the cell fate and
differentiation, tissue and organ development, or environment responses.

This complex network can lead to the breeding of important crops used as sources of food or
bioenergy, such as sugarcane. Sugarcane is an important crop in Brazilian agriculture and
bioenergy scenarios and a broader physiological and molecular coverage can aid in
understanding its metabolism, helping to elucidate the metabolic pathways that influence crop
gain of yield.

Here, the identification and characterization of the biochemical and molecular variation in the
hormonal signaling components in sugarcane is reported. This study includes plant hormone
and amino acid profiles in a sugarcane growing in the field during 12 months, and the
identification of a set of genes expressed in sugarcane under different conditions. For this, two
strategies were employed: i) a biochemical profile during sugarcane development in the field,
and ii) identification and characterization of genes related to receptors and signaling of ABA,
BR signaling, PAs-, ethylene- and amino acids biosynthesis, in two sugarcane transcriptome
datasets.

Methodology: Plant material:

Green fully expanded leaves and culm from sugarcane plants grown in the field were collected
in 01, 03, 06, and 12 months of development, according to De Souza et al. (2018). The plant
material was ground in liquid nitrogen and used for biochemical characterization.

Biochemical analysis:

Putrescine, spermidine, and spermine were extracted according to de Oliveira et al. (2018).
Samples were homogenized with cold 5% of perchloric acid and subjected to three cycles of
freezing and thawing. After centrifugation, the supernatants containing the free PAs were
collected and derivatized. Dansylated PAs were extracted with 200 ul of toluene and the
supernatant was collected and dried under nitrogen. Dansylated PAs were dissolved in 200 pl
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of acetonitrile.

The extraction and determination of free amino acids were performed according to de Oliveira
et al. (2018). Aliquots of fresh material were extracted with 80% ethanol. Amino acid
derivatization was realized with o-phthalaldehyde.

The hormones ABA and IAA were extracted and quantified according to Alvarez-Florez et al.
(2017) and Silveira et al. (2008), with modifications. Fifty mg of the dry weight of leaves and
culms were homogenized in 2.5 ml extraction buffer containing methanol and isopropanol
(20:80), 1% acetic acid, and 0.5 pCi.ml-1 of [3H]IAA and [3H]ABA (internal standards).

The metabolites were separated by HPLC on a reversed-phase C18 column (5 um x 4.6 mm X
250 mm). PAs were detected at 340 nm (excitation) and 510 nm (emission) wavelengths with
a RF-20A fluorescence detector. ABA content was determined using a UV-VIS detector at 254
nm, while IAA content was determined using a fluorescence detector at 280 nm (excitation)
and 350 nm (emission).

Bioinformatic analysis:

A bioinformatic approach was employed to identify a gene set related to PAs-, ethylene- and
amino acids-biosynthesis, and ABA and BR signalling pathways. The main genes comprising
these networks (receptors, transcription factors, and enzymes) were first identified and
characterized in model species (Arabidopsis, rice, and maize), through Tair, Phytozome, Rice
Genome Annotation, and Maize Genomics Resource platforms. These sequences were used as
queries to identify and recover sequences from seven sugarcane databases (transcriptomes and
genomes). Restrictive filtering including coverage and presence of domains, as well as the
removal of redundant sequences, were employed to maintain those reliable sequences with high
identity. Sequences were grouped through EGGNOG code related to domains annotated in the
EGGNOG platform.

In silico expression analysis (CPM values) were performed by using two sugarcane
transcriptome datasets: i) from four segments of roots, during aerenchyma development; and ii)
from sugarcane plants growing under stress conditions (control, drought, elevated CO2, or by
a combination of them). A heatmap and Hierarchical cluster by Euclidean distance was
performed using the CPM expression values.

Preliminary results: PAs, amino acids, and hormonal profiles in sugarcane field

In all months analysed, PAs were most abundant in leaves. The content of each PA in the leaf
and culm revealed that the highest amount in the total PAs during month 01 was caused by
putrescine and spermidine, respectively. Putrescine was the main PA in the leaf along the
sugarcane development, followed by spermidine and spermine. During the sugarcane
development, the amino acid content was more constant in the leaf than in the culm, in which
the total amino acid levels were 12 times higher in the month 01. The most abundant amino
acids found in the leaves were ornithine and lysine, whereas in culm were asparagine,
glutamine, and histidine.

Sugarcane leaf and culm have different IAA and ABA profiles during development, especially
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concerning IAA abundance, which was much higher in the leaf at most time points analysed.

High levels of hormones IAA and ABA were detected in leaves during the last month of
sugarcane development. In silico mining of hormonal signalling network in sugarcane A deep
search by genes related to receptors and signalling of ABA, BR signalling, PAs-, ethylene- and
amino acids-biosynthesis, allowed recovery of 3042 sequences from 7 sugarcane databases.
This amount is 18, 23, and 25 times more than found in Zea mays (170 sequences), Oryza sativa
(132 sequences), and A. thaliana (120 sequences), respectively. After restrictive filtering, 784
candidate sequences remained corresponding to 36 groups of genes from the pathways
described above. A search on two sugarcane transcriptome datasets realized by Lafieco’s group
was performed to recover both sequence and expression values (CPM). In the root
transcriptome dataset, 454 sequences were expressed in the four root segments, and 240 were
differentially expressed (DEG) among the segments. In leaves from sugarcane growing under
different stress conditions, 260 sequences were expressed, and 65 were DEGs. PA
biosynthesis/catabolism pathways and members related to the SnRK2 subfamily were the
pathways with the greatest number of genes.

In silico expression profiles revealed the pattern of the primary genes expressed in this
hormonal signaling network. In root transcriptome, genes related to PAs biosynthesis and
catabolism (SAMS, SAMDC, SPDS/SPMS, ALDH, and CuAO), SnRK2, and ABA- e BR-
signaling genes were the most expressed genes in all root segments. Ethylene biosynthesis
genes (ACS and ACO) are low expressed, suggesting that methionine is directed to PA
biosynthesis during the root development. In the sugarcane stress experiment, genes related to
spermidine and spermine biosynthesis (SAMS, SAMDC, SPDS/SPMS) are slightly more
expressed under elevated CO2 conditions. Most genes involved in ethylene biosynthesis genes
are low expressed under these conditions. Genes related to ABA signaling (PP2C-A) and
proline biosynthesis (P5CS1/2) showed high expression values, indicating their participation in
the stress response.

Preliminary conclusions: In summary, this study allowed a detailed analysis of hormonal
signalling network components in sugarcane plants by two strategies: i) a biochemical profile
during sugarcane development in the field, and ii) through identification and characterization
of genes related to receptors and signalling of ABA, BR signalling, PAs-, ethylene- and amino
acids-biosynthesis, in two sugarcane transcriptome datasets. In the first strategy, biochemical
analyses revealed different profiles between the two organs analysed (leaves and culm), and
also during the sugarcane development in the field. These changes provide insights into distinct
metabolic profiles of each organ throughout development and pave the way for a more
integrative understanding of the biological functioning of sugarcane in the field, which can
contribute to future strategies to improve yield performance. In the second strategy, the main
set of genes involved in hormonal signalling in sugarcane was identified. Differentially
expressed genes were observed in each transcriptome dataset analysed, demonstrating
variations among PAs biosynthesis and catabolism, and ABA- and BR-signalling. These
differentiated responses to stresses will be assessed by physiological measurements (hormonal,
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amino acids, carbohydrates, and biomass profiles) in sugarcane overexpressing the gene RAV
(RELATED TO ABI3/VP1), which is induced by a balance between auxin and ethylene, and
lead to a repression effect on the EPG1 (ENDOPOLIGACTURONASEL), involved in the
expression of pectinases genes. This study allows a detailed analysis of the partial core
hormonal signalling components in sugarcane and these findings provided suitable targets for
genetic engineering in sugarcane to accelerate growth and sugar accumulation.
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Abstract: Considering the approaches of CO2 conversion, the electrochemical methods have
received increasingly attention. It is possible to use renewable energy to produce high added-
value products from CO2 industrial emissions, resulting in carbon neutral footprints.
Preliminary techno-economic analysis of an electrochemical reactor for CO2 conversion,
showed that oxalic acid has a great potential to achieve negative carbon footprints. In this study,
we show the initial experimental obtained in our first reactor prototype, where Faradaic
efficiencies of 60% are already achieved.

Keywords: CO2 reduction; oxalic acid; electroreduction.

Introduction and Objectives: The electroreduction of CO2 into oxalic acid/oxalate is a
challenging process in terms of applicability. Firstly, the formation of the intermediate state
COe- demands high energy prior to form oxalate ion. Secondly, a variety of products can be
formed according to the electrocatalyst and the solvent chosen, thus the selectivity is an
essential factor for the efficiency of the system. Most of the publish studies aim to develop new
catalyst materials which, although very important, is not the only challenge to be overcome.
The system efficiency is also related to the reactor type, its specific design and operating
conditions. Currently, it is well-known that the conversion of CO2 into oxalate ion can only
occur using aprotic media. Also, lead is considered the best electrocatalyst for this reaction,
presenting high selectivity. Although not ideally feasible, these factors are a great starting point
for the development of a new electrochemical reactor. Thus, our main objective is to produce
oxalic acid with negative carbon footprint in a novel device for CO2 electroreduction.

124



Energy Transition Research Centre for
RESEARCH & INNOVATION N\ J Greenhouse Gas Innovation l | () p

Methodology: Experiments were carried out in a membraneless electrochemical reactor
(produced by additive manufacturing) connected to a flow system with recirculation. Electrodes
were two plates (10 mm?) of stainless steel and zinc as cathode and anode, respectively,
maintained in a 2 mm distance. Electrolysis was carried out in a PAR potentiostat during 2 h.
The working solution — acetonitrile with tetrabutylammonium perchlorate — was saturated with
Ar for 20 min followed by CO2 for 30 min prior to each experiment. After the electrolysis, the
solution was filtered, and the solid oxalate was dissolved in H2SO4 (3M) to be analysed by
HPLC.

Preliminary results: Previous tech-economic analysis showed how efficient an
electrochemical reactor must be for a viable carbon abatement pathway. It was found that,
among the major CO2 reduction products, oxalic acid has the greatest potential to achieve
negative carbon footprints (followed by formic acid, CO and ethylene). Considering the
Brazilian energy matrix, oxalic acid production leads to a negative carbon footprint for an
electrochemical reactor operating with conversion efficiency higher than 20%. Meanwhile, for
an energy matrix similar to USA, the reactor would have to operate above 50% conversion
efficiency to achieve the same result. In this context, we developed a new electrochemical
device focusing on the conversion of CO2 into oxalic acid. The first prototype was tested under
different applied currents (10 — 70 mA/cm?), flow rates (10 — 50 mL/min) and concentrations
of supporting electrolyte (0.025 — 0.1 mol/L). At 30 mA/cm? it was possible to achieve a
faradaic efficiency (FE) of 60%, which corresponds to a production of 0.3 mg/h.mm2 with the
lowest energy consumption (EC) of 46 W.h.L/g. Higher current densities also showed a
maximum FE of 60% but resulted in higher costs due to the energy consumption. As expected,
for laminar flow, the higher the fluid velocity the higher the FE. Similarly, the lower the
concentration of supporting electrolyte, the lower the FE. Although these results are expected,
it is important to evaluate each operational parameter to further optimize fine details of the
reactor design. These initial results already show efficiencies as good as the found in the
literature, however with a much lower cost.

Preliminary conclusions: Our first reactor prototype already showed 60% efficiency for the
conversion of CO2 into oxalic acid. This result is highly competitive with the literature findings,
especially regarding reactor and process costs.
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Abstract Title: Fingerprinting agro-industrial wastes: a promise for biomaterials
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Abstract: Population growth and climate change demand an increase in the use of land, food,
and energy, which requires sustainable development to ensure health and well-being for society.
To achieve sustainability, employing different feedstocks into value liquid fuels and value-
added bioproducts is essential. The cell wall is the largest terrestrial carbon source and can be
used for bioenergy. This structure is composed of a cellulose core in which lignin and
hemicelluloses are crosslinked to it, and immersed in a pectin matrix that forms a different
polysaccharides architecture in species and tissues. The characterization of different agro-
industrial wastes allows the study of these biomasses in the circular economy and is aims for
this work. We characterized 19 different biomasses and evaluated their potential as a by product
and in bioenergy. The cell wall of the biomasses was fractionated as pectins, pectins+soluble
hemicelluloses, and cellulose by physical-chemical treatments. Its weight balance was
estimated, and the monosaccharide’s fractions composition was obtained after acid hydrolysis.
The feedstocks corn cob, corn straw, soybean husk, and industry paper residue had higher
saccharification capacity despite their low content of lignin and uronic acids, and cell wall
composition of 30% glucose and 60% xylose. Therefore, those feedstocks, along with
sugarcane, are more promising for bioethanol production, while duckweed, barley, sorghum,
wheat, rice, bean, and coffee residues could be used for other by-products in green chemistry
for the generation of value-added products.

Keywords: feedstock, residue, cell wall, polysaccharides, and carbohydrates.
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Introduction and Objectives: Population growth is estimated to reach 9 billion people by 2050
(HLPE, 2017). This growth, along with climate change, demands an increase in land, food, and
energy use, which requires sustainable development to ensure health and well-being for society.
To achieve sustainability, employing different feedstock into valuable liquid biofuels and other
value-added bioproducts is essential (Mishra et al., 2020). The major available feedstock is
biomass, where plants fixate carbon through photosynthesis, mainly in cell wall
polysaccharides (Verbanci¢ et al., 2017). The cell wall is a rigid and complex structure of
pectins, hemicellulose, cellulose, lignin, and proteins surrounding each plant cell. This structure
is organized in a cellulose core in which hemicellulose and lignin are strongly attached and
crosslinked, immersed in a pectin matrix (Carpita & Gibeaut, 1993). The primary cell wall is
expansive, constitutes 90% of its dry weight as polysaccharides, and is classified as types
regarding its domains (pectins, hemicelluloses, and cellulose) proportion and main
hemicellulose (Carpita & Gibeaut, 1993). Cell walls are known to have distinguished
architecture and chemical composition between species and organs (Carpita & Gibeaut, 1993,
de Souza et al., 2013). The organization of the polysaccharides has distinct linkages according
to the chemical composition of the plant, and those composition and interaction between the
polymers could be as a map for possible applications. Therefore, it is important to characterize
and elucidate the chemical structure of several cell wall models from distinct biomasses by
biochemical and genetic analysis (Sarkar et al., 2009).

Despite the biomasses diversity, agro-industrial wastes are grouped as wood product industries
wastes, municipal solid waste, agricultural residues, and dedicated energy crops (Saini et al.,
2015). In the world, 181.5 billion tons of lignocellulosic biomass are produced yearly
(Ashokkumar et al., 2022). Of these, 4.6 million tons are agricultural wastes, but only 1.2 billion
tons have further applications (Dahmen et al., 2019). A large part of the crop’s biomass (husks,
seeds, roots, bagasse, molasses, leaves, stems, straws, and bark) is not used. Therefore, it is a
great feedstock that can be employed for the generation of biotechnological products (Arpit
Singh et al., 2022). Thus, the present work aimed to characterize 19 agro-waste and evaluate
their potential as by-products of biomaterials. Depending on the composition of the agro-waste,
the calorific power varies, as well as the cell wall polysaccharide hydrolysis, which could be
improved with different cocktails.

Methodology: ineteen agro-wastes were obtained and analyzed in the cell wall composition.
Sugarcane, energy cane V2, energy cane V3, sugarcane bagasse from industry, barley bagasse,
sorghum residue, corn cob, corn straw, wheat bran, rice husk, soybean straw, soybean residues
(leaves +stalk), soybean husk, coffee husk, bean straw, duckweed, pruning tree residue,
eucalyptus chip, and industry paper residue (pulp and paper milled sludge) residues were dried
at 50 °C and grounded in ball-mill. The agro-wastes were analyzed towards the lignin (acetyl
bromide method) (Fukushima et al., 2015; Fukushima & Kerley, 2011)., uronic acid content
(Filisetti-Cozzi & Carpita (1991), saccharification, and cell wall composition. Cell wall
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polymers were isolated by the physical-chemical treatments of the fractionation (Gorshkova et
al., 1996), and the composition monosaccharides composition of the pectins, hemicellulose, and
cellulose was determined by an acid hydrolysis quantified in HPAE-PAD. For the fractionation
process, the agro-wates were extracted exhaustively with 80% ethanol at 80 °C for 20 min each.
The residue was recovered by centrifugation, dried, and the starch was extracted with DMSO
90%. The de-starched AIR (cell wall) was extracted 0.5% ammonium oxalate (pH 7.0) for
pectin solubilization. The ammonium oxalate residues were extracted with sodium chloride 3%
(m/v) in acetic acid 0.4% (v/v) for lignin removal and acquisition of pectin + soluble
hemicelluloses. The sodium chlorite residues were extracted with 4M NaOH with 3 mg.mL-1
sodium borohydride to solubilize the hemicelluloses. And the obtained residue was mainly
cellulose. After all the extractions, the residues were washed with distilled water, frozen, and
freeze-dried. The ammonium oxalate, sodium chloride, and 4M NaOH supernatants were
recovered, dialyzed, frozen, and freeze-dried. The yields of the cell wall fractions were obtained
gravimetrically. Also, to evaluate the chemical composition of the biomass samples, the
infrared spectrophotometer IRPrestige-21 with the attenuated total reflectance (ATR)
accessory, equipped with a germanium crystal, was used. The saccharification capacity of the
cell wall from different agro-wastes were evaluated by an alkali pre-treatment (0.5 N NaOH)
and enzyme blend Celic Ctec Il (Novozymes®) digestion. The release sugars were measured
by MBTH method (Gomez et al., 2010).

Preliminary results: The agro-wastes evaluated can be grouped as primary cell wall type I and
type Il regarding their polysaccharide classes levels. Nine wastes are classified as type |
(soybean residue, soybean husk, soybean straw, duckweed, coffee husk, bean straw, pruning
tree residues, eucalyptus chip, and industry paper residue), and ten as type Il (sugarcane
bagasse, sugarcane, energy cane v2, energy cane v3, rice husk, barley bagasse, corn straw, corn
cob, sorghum residue, and wheat bran). Type | cell walls had, on average, 14.1% pectins, 17%
pectins and soluble hemicelluloses, 23.7% hemicelluloses, 33.4% cellulose, and 11.9% lignin,
while type Il cell wall biomasses had 8.7% pectins, 26.3% pectin+soluble hemicelluloses,
23.5% hemicellulose, 27.3% cellulose, and 14.2% lignin. The pectin content was also indirectly
determined by the uronic acid quantification, which was higher on type I cell walls (65 pg.mg-
1 DW on average) than type II cell walls (44.9 ug.mg-1 DW on average).

The cell wall fractionation permitted the monosaccharides characterization of the cell wall
domains. Ammonium oxalate fraction represents pectins which, type I cell walls, constituted
80% of arabinose, galactose, glucose, and xylose. Of the agro-wastes from type Il walls, 90%
were these sugars. In grasses (type 11 walls), most of the ammonium oxalate fraction comprises
arabinoxylan-soluble hemicellulose and beta-glucan with high glucose levels. Sodium chloride
fraction represents pectin methyl-esterified and soluble hemicelluloses. Type | cell walls of
sodium chlorite fractions were xylose-rich with greater levels of arabinose, glucose, and
galactose. A similar pattern was seen in to type Il cell wall. In both cell wall types, more than
70% of the 4M sodium hydroxide fraction (hemicelluloses) were xylose, the other 30% differs
towards biomasses. The cellulose content was evaluated by sulfuric acid hydrolysis, in which
glucose was 86.6% of the residue fraction. The diverse composition reveals applications in
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green chemistry, biofuels, food, cosmetics, biomedical, and pharmaceutical applications. The
FT-IR allowed the molecule identification of the agro-industrial wastes by radiation’s
wavelength and intensity. The 19 biomasses had a similar spectrum revealing the same
characteristic peaks. However, the cellulose peak at 2290 cm-1 was more apparent in the coffee
husk, which permitted the identification of the C-H bonds of caffeine 3 methyl. This
methodology is useful to characterize the concentration of lignin, phenolic compounds, and cell
wall composition, but is more quickly and accurate when calibrated with other methods.
Sugarcane, soybean husk, corn cob, corn straw, and industry paper residue had higher
saccharification capacity (23.4 mg glucose.mg CW-1) than the other tested residues. Industry
paper residue, corn straw, corn cob, and soybean husk had 13 times more saccharification
capacity than duckweed, sorghum residue, pruning tree residue, soybean residue, and soybean
straw.

Preliminary conclusions: he chemical composition of the cell wall polysaccharides reveals
diverse industrial applications of the agro-industrial-wastes, which confer a green, and
sustainable option for value-added by-products in line with the circular economy. Besides that,
the obtained data permits the adaptation of enzymatic cocktails for efficient pre-treatment and
high yield of second-generation ethanol production.
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Abstract Title: O2 geological storage in the Parana Basin, Brazil: an integrated assessment of
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Abstract: Facing the current scenario of necessary upscaling of BECCUS and CO2 geological
storage to rapidly meet net-zero targets and to decarbonize the industrial and energy sectors
worldwide, unconventional reservoirs gain relevance as potential CO2 reservoirs due to their
widespread occurrence in Brazil and worldwide, and to their significant CO2 storage capacity.
This storage capacity is associated with the microporosity and internal surface area of organic
components and clay minerals in organic-rich rocks, such as shale and coal beds, which favours
the adsorption trapping mechanism and promotes safe and long-term storage of CO2. In this
sense, this project’s contribution is to enhance the knowledge regarding potential caprocks and
unconventional reservoirs for CO2 geological storage in Brazil. As a case study, this project
determines the potential for CO2 geological storage of organic-rich shales of the Irati Formation
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and of coal beds of the Rio Bonito Formation, Parana Sedimentary Basin, assessing whether
these are geologically feasible and safe alternatives to the onshore storage of CO2. The results
are promising and show that these rocks can act both as caprocks and reservoirs of CO2 in the
central, south and southeast regions of Brazil, where the BECCUS technology chain is highly
applicable.

Keywords: BECCUS, CCUS, CO2 geological storage, CO2 sorption trapping, caprocks,
storage system.

Introduction and Objectives: The large-scale deployment of CO2 geological storage to
mitigate the worst impacts of climate change by decarbonizing the hard-to-abate sectors will
require reservoir storage capacity estimates worldwide. In this sense, this research addresses
the potential for storing CO2 in the Rio Bonito Formation multi lithology storage complex,
composed of porous sandstones interbedded with shale and coal beds in the Parana Basin, S
and SE Brazil. Once the storage complex is defined, the safety of CO2 geological storage and
containment of the reservoir relies on the caprock integrity (Busch et al., 2020; Rodrigues &
Lemos de Sousa, 2002). Caprocks are usually organic-rich geological formations and their
sorptive storage capacity can contribute to CO2 trapping and sequestration. Additionally,
determining the storage capacity of the caprock is important to avoid misinterpretations of CO2
leakage by the potentially reducing amount of CO2 in the reservoir (Murugesu et al., 2023). In
this sense, the objective of this research was to determine the CO2 storage capacity of organic-
rich rocks within the Rio Bonito storage complex, and evaluate if these lithologies are feasible
reservoirs and caprocks to CO2 geological storage in the Parana Basin and favourable to CCUS
technologies in the Brazilian onshore.

Methodology: To assess the CO2 sorptive storage capacity of the Irati and Rio Bonito
Formations shale and coal beds, 17 representative samples were characterized in detail, through
organic geochemistry (TOC, Rock-Eval pyrolysis), petrography (organofacies and vitrinite
reflectance), mineralogy (XRD, SEM-EDS), porous media analysis (BET) and response to CO2
sorption isotherms (Langmuir, volumetric method).

Preliminary results: The obtained results attribute a significant storage capacity for these
lithologies: 1 to 4 m3 of CO2 can be stored per tonne of shale and 5 to 7 m3 of CO2 per tonne
of coal. Besides identifying the potential for storing CO2 in these rocks, in this study, the
controlling factors for such storage capacity were identified and attributed to clay mineralogy,
organic matter type, quantity and thermal maturation.

Preliminary conclusions: Based on integrated data interpretation, we concluded that these
organic and clay-rich lithologies configure both caprocks and unconventional reservoirs to CO2
storage due to this significant capacity of trapping CO2 through adsorption into clay minerals
and organic particles. Additionally, we identified thermal maturity as the main controlling
factor of shale and coal sorptive storage capacity. This is demonstrated in samples that went
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through contact metamorphism due to their proximity to igneous intrusions, which are
attributed to the Serra Geral magmatism and characteristic of the Parana Basin. Finally, we
established a research methodology for determining the CO2 storage capacity of organic-rich
lithologies, which can be replicated in other sedimentary basins worldwide.
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Abstract: Concerns over climate change resulting from greenhouse gas emissions, such as
carbon dioxide (CO2), have prompted the search for technologies capable of mitigating their
impact. One promising alternative is geological capture and storage through carbonation
reactions. The Rio Bonito formation in the Parana basin in Brazil appears to be a suitable
location for implementing this technology. Molecular-scale simulations are crucial for
understanding the mechanisms and processes involved in fluid/mineral interfaces at the
geological site reservoir. Using Density-Functional-Theory (DFT), we evaluated the adsorption
behaviour of CO2 molecules on selected mineral surfaces, namely feldspar. We focused on
preferential feldspar’s cleavage plane surfaces, {010} and {001}. We quantified and compared
the electronic and thermodynamic properties of different adsorption configurations from an
energetic and topological perspective. We also explored the determination of preferential
adsorption sites and the influence of the aqueous environment on adsorption. Our simulations
provide valuable insights into the intricate interactions occurring at complex CO2 mineral
interfaces under reservoir conditions. This work was carried out with support from Shell and
FAPESP (grant 2022/08894-0, RCGI 2020/15230- 5, S&o Paulo Research Foundation
(FAPESP).

Keywords: CO2, mineralisation, carbon storage, CCs, BECCUS.
Introduction and Objectives: he growing concern about climate change caused by the
emission of greenhouse gases (GHG) into the atmosphere, including carbon dioxide (CO2), has
spurred the quest for technologies capable of mitigating the impact of these pollutants. Among

the promising alternatives, carbon capture and storage through geochemical trapping, achieved

131



Energy Transition ; Research Centre for
RESEARCH & INNOVATION N\ J Greenhouse Gas Innovation l | () p

via mineralisation, has emerged as a viable solution. Due to its unique composition and
physicochemical properties, the Rio Bonito Formation (located in South America, Parana
Basin) has enormous potential for CO2 storage through mineral carbonation. In contrast to
similar sandstone formations in North America, the Rio Bonito Formation contains a relatively
higher amount of K-feldspar, plagioclase feldspar, and smectite, in combination with excellent
permeable properties and suitable pressure-temperature confinement conditions for CO2
storage. However, further studies are still needed to model and select the ideal reservoir
conditions for this specific site and conduct additional investigations into CO2 mineralisation
reactions at the molecular and pore scales. Ensuring the viability and environmental
sustainability of using the Parané Basin as a reservoir for geochemical trapping of CO2 requires
overcoming challenges and understanding the practical limitations of applying existing
technology. This involves the initial crucial step of comprehending the geochemical reactions
essential for evaluating CO2 trapping mechanisms in selected reservoirs and their impacts on
performance. Robust interdisciplinary collaborations and a multi-level approach are imperative
to mitigate environmental impacts and enhance the efficiency of geological carbon storage
(GCS) operations. Firstly, it is important to emphasise that the geological storage of carbon in
sandstones constitutes a multicomponent system, comprising injected CO2, brine, and the
minerals constituting the pore system. The interfaces between all these components and their
interactions under spatial confinement are dominated by surface effects. The sorption process
plays a crucial role in the carbonation reaction and CO2 trapping mechanisms, particularly in
the geological storage of CO2. The sorption of CO2 onto mineral surfaces can significantly
enhance the carbonation reaction by increasing the concentration of dissolved CO2 in the
aqueous phase. Additionally, trapping by adsorption is particularly important for low-
permeability rock formations where CO2 cannot migrate through the rock matrix. Hence, this
study aims to delve into the nano-scale molecular level to explore the CO2 sorption potential
of select representative minerals within the context of mineral trapping and CO2 plume
migration.

Methodology: The initial step entailed selecting representative minerals for our simulations.
After consulting with geologists conducting petrographic characterisation of Rio Bonito
Formation samples, mineralogical analysis revealed that the most abundant feldspars in the Rio
Bonito Formation are microcline and albite, with some oligoclase also present. However, we
also decided to include anorthoclase due to observed heterogeneity in these formations. These
selected minerals' initial crystal structure configurations were obtained from experimental
databases such as the Inorganic Crystal Structure Database (ICSD) and the American
Mineralogist Crystal Structure Database (AMCSD). All calculations were performed using
Density Functional Theory (DFT) as implemented in the Vienna Ab initio Simulation Package
(VASP). We utilised the optB88-vdW exchange-correlation functional with dispersion
correction and employed the corresponding projector augmented wave (PAW) scheme, treating
specific electron configurations as valence states. A kinetic energy cutoff of 800 eV was applied
for the plane-wave expansion of the Kohn-Sham orbitals, and we sampled the Brillouin zone
using the Monkhorst-Pack scheme. As a first step, all structures underwent relaxation using
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conjugate-gradient energy minimisation, allowing for optimisation of both the ionic degrees of
freedom and the cell volume and shape. The energy tolerance for the self-consistency cycles
was set at 10e—6 eV. The convergence criteria for energy minimisation were established to
ensure that the maximum residual magnitude of atomic forces and stress components remained
below 0.001 eV/A. After unit cell optimisation, 2x1x2 supercells were constructed, and the
same protocol was applied.

To calculate adsorption energies, it was necessary to identify the low-index surfaces of each
crystal, i.e., the cleavage planes of the minerals. Based on the literature, we selected the {010}
and {001} surfaces for the feldspar minerals to investigate in the subsequent steps. After
obtaining optimised unit cells, three-dimensional periodic slab models were employed to
simulate infinite surfaces. 2x1x2 supercells of the minerals were created for this purpose. In
constructing the surface structure, the atoms at the bottom of the first two layers were fixed. A
vacuum thickness of 15 A was set to ensure minimal surface-surface interaction. The Brillouin
zone was sampled at the Gamma point, and the energy cutoff was set at 600 eV. The adsorption
energy of CO2 molecules at different sites on the {001} and {010} faces of the feldspar layers
was evaluated using the complex-minus-fragment method.

Preliminary results: he structures of CO2 molecules adsorbed on the selected mineral surfaces
were obtained through geometry optimisation calculations. For each surface, we considered
seven different adsorption sites. In all calculation scenarios, CO2 molecules were adsorbed on
the surfaces in their molecular form. Notably, we observed negative energy values for all
configurations across all sites, indicating favourability for CO2 adsorption. The most
favourable site, characterised by the most negative adsorption energy, corresponds to the
configuration where the CO2 molecule interacts most directly with the aluminium atom on the
feldspar surface. Another crucial analysis involves classifying the adsorption phenomenon's
behaviour as physical adsorption (physisorption) or chemical adsorption (chemisorption). The
primary distinction between these processes lies in the nature and strength of the forces
involved, both critical in geological carbon storage. Chemisorption entails the formation of
strong chemical bonds and is characterised by a high activation energy requirement. In contrast,
physisorption is governed by weaker intermolecular forces and has a lower activation energy
requirement. Chemisorption typically results in forming a monolayer of adsorbate molecules,
while physisorption can lead to the formation of multilayers. Chemisorption is generally
considered irreversible, while physisorption can be reversed under suitable conditions. Physical
adsorption is more closely related to the reservoir's storage capacity, while chemical adsorption
is associated with long-term storage through carbonation. Therefore, it is imperative to
comprehend the distinct sorption mechanisms and their interactions with minerals to optimise
and enhance carbon capture and storage technologies. We analysed structural and electronic
parameters to determine the type of sorption process occurring on the surface of feldspar for
CO2 molecules. Consistent with the existing literature, structural parameters such as variations
in bond lengths and angles of CO2 between its gaseous state and the adsorbed state serve as
critical indicators of the underlying process. Minor structural distortions typically imply
physical adsorption, whereas substantial distortions signify chemisorption. Our findings reveal
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that the geometric distortions of the CO2 molecule are minimal, implying a physical adsorption
process. Other parameters used for sorption characterisation include charge differences between
the adsorbate and the surface and interaction energy values between the atoms with the strongest
interactions on the surface. Our analysis yielded charge density difference values ranging from
approximately 0.03 to 0.0le, considered small and indicative of physical adsorption.
Furthermore, when examining the interaction energy values of the atoms, we found values in
the range of 0.10 to 0.05 eV, once again reinforcing the conclusion of physical adsorption.

Preliminary conclusions: This investigation delves into the adsorption characteristics of CO2
on select representative feldspar minerals using density functional theory. We have observed
that all these minerals possess multiple surface sites capable of adsorbing CO2 molecules. We
find strong indications of physisorption behaviour by analysing additional properties such as
geometric distortion, the partial density of states, and atomic charge redistribution of the
mineral surfaces before and after CO2 adsorption. Physisorption suggests that CO2 exhibits a
weak interaction with the mineral surface, enabling molecules to be easily absorbed or released
from the mineral surface by modifying temperature, pressure, or other external factors. This
reversibility is a distinctive feature of physisorption, setting it apart from chemisorption, where
strong chemical bonds form, and adsorption is generally irreversible under mild conditions. In
applications like geological carbon capture and storage, several layers of carbon dioxide can be
adsorbed onto mineral surfaces in porous geological formations, contributing to the CO2
storage capacity in the subsurface. Physisorption processes also find utility, for instance, in gas
storage within porous materials such as activated carbon or zeolites, enabling the adsorption
and storage of gases like methane or hydrogen. However, it is worth highlighting that minerals
demonstrating chemisorption are also noteworthy due to their relevance in processes like
mineral carbonation. In mineralisation, CO2 undergoes a chemical reaction with specific
minerals, forming stable carbonate compounds, effectively storing CO2 in a more enduring and
geologically stable form—carbonate minerals. The findings of this study provide a fundamental
understanding of the adsorption mechanism for CO2 in these minerals. The information
presented here may serve as a computational framework, including procedures and analyses, to
assess the CO2 sequestration potential of other representative minerals.
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Abstract: Understanding water properties at the nanoscale, particularly within confined spaces
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such as displayed by silica nanochannels, is an emerging research area with implications
spanning numerous scientific domains. It is well established that the unique environment within
silica nanochannels can significantly alter the water properties, thus presenting an opportunity
to leverage this to manipulate water characteristics for desired outcomes. In this study, we delve
into the molecular dynamics of water spatially confined in silica nanochannels, exploring how
the water-silica interface impacts the water structure and dynamics. By performing extensive
simulations grounded in the classical molecular dynamics, we describe the water features under
confinement including hydrogen bonding patterns, density profiles, and diffusion coefficients.

Keywords: silica nanochannels, molecular dynamics simulations, hydrogen bonding.

Introduction and Objectives: Over the past decade, the fast-paced development in
nanotechnology has escalated the interest in understanding the confined water features. Fluids
may display distinct properties at the nano-interface, a domain where the traditional macroscale
theories falter, presenting fertile ground for groundbreaking research. The urgency to
understand this confinement effect also stems from its broad applicability in biosensing,
nanofluidics, and environmental science, where water manipulation at the nano-scale could
potentially revolutionize existing technologies. The focus of this study is thus on explore
confinement effects on water concerns parameters like density profiles, self-diffusion, T2
relaxation time, and hydrogen bonds, utilizing the ever-evolving tools of molecular dynamics,
which is primed to offer fresh insights into the mechanisms at play in silica-water confinement
scenarios. A critical aspect of this endeavor will be to unravel the underlying principles guiding
the behaviour of hydrogen bonds in this constrained environment, a key player in the physical
properties of confined water. Furthermore, elucidating the role of T2 relaxation time in this
setting offers a pathway to grasp the transient behaviours and associated dynamics.

Methodology: We employed the Grand Canonical Monte Carlo (GCMC) method utilizing the
Cassandra software to facilitate the equilibration process of filling the silica plates pore model
with water molecules. This preparatory step ensured the establishment of an optimal molecular
configuration to accurately replicate the complex environment of water confined between silica
plates. Following this, a two nanoseconds (ns) simulation in the canonical ensemble (NVT) was
conducted using the Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS).
These allowed to further equilibrate the system and achieve a stable state. This progression led
to the paramount phase of the study, where a meticulous ten ns simulation for the production
state was undertaken in the NVT ensemble to glean the properties of confined water at the silica
interface. The simulations were structured to capture pivotal parameters such as density
profiles, self-diffusion, T2 relaxation times, hydrogen bonds, and interfacial tension, yielding
insights that stand to be the bedrock of our comprehensive analysis.

Preliminary results: In the ensuing analysis of the simulation data, a pronounced influence of
confinement water features on several pivotal parameters was unveiled. Firstly, a notable
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impact on the T2 relaxation time was observed, illustrating the pronounced effect of the
confined environment on the water molecules' dynamical properties. The interfacial tension
(IFT) exhibited substantial variations, highlighting the crucial role played by the interface in
dictating the water properties as observed also on the density profile. Furthermore, the self-
diffusion properties underwent notable changes, illustrating the marked effect of silica-water
interactions on the mobility of water molecules within the confined space. These findings
collectively spotlight the significant bearing of confinement on the intrinsic properties of water,
setting a promising stage for forthcoming studies to delve deeper and fully unravel the
complexities of water behaviour in silica nanochannels. This establishes a rich groundwork for
further research, aiming to build a comprehensive understanding that can fuel innovations in
nano-confined fluid dynamics and offer a nuanced view that could redefine our understanding
of fluid behaviour at the nanoscale.

Preliminary conclusions: n conclusion, this study has delineated the influence of spatial
confinement on pivotal aspects such as T2 relaxation times, interfacial tension, density profiles,
and self-diffusion in water-silica nanochannel systems. The findings accentuate the intricate
dynamics at the nano-interfaces, revealing a realm of complex interactions and phenomena
distinct from bulk behaviours. As we stand on the threshold of deeper understanding, the path
forward beckons, integrating even more complex systems into our study domain. Future
endeavours should strategically pivot towards incorporating ionic species in confinement
simulations to unravel the impacts of electrostatic interactions and ion-specific phenomena in
confined environments. Furthermore, the exploration should extend to examining cylindrical
structures, venturing beyond planar geometries to delineate the confinement effects in different
topological settings. This progression promises a richer understanding of the confinement
phenomena and opens the potential to unearth novel applications and technologies.
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Abstract Title: The feasibility of carbon capture technologies in wastewater treatment plants
in Brazil
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Abstract: In a scenario in which climate change, caused mainly by human actions, has become
a global problem, both in terms of the environment and in terms of human health, new methods
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and technologies are sought to minimize these impacts and solve these environmental problems.
The purpose of the study is to investigate the pros and cons of implementing technologies for
carbon capture in wastewater treatment processes in Brazil. Furthermore, it indicates the
scenarios that favour the use of bio electrochemical systems. Considering that these innovations
are recent, the cost is the biggest challenge for implementation, especially in a developing
country, such as Brazil.

Keywords: Bio electrochemical systems, carbon capture, wastewater treatment.

Introduction and Objectives: Bio-electrochemical systems, also known as BESs, are
technologies that, through the use of microorganisms as catalysts, convert chemical energy into
electrical energy. Through these processes, it is possible to capture carbon dioxide (CO2) and
generate desirable products, such as H2 gas that can be used for energy purposes. Among the
types of technologies that are based on BESs are microbial carbon fuel cells (MCCs), microbial
fuel cells (MFCs), plant-based microbial fuel cells (P-MFCs), microbial electrolysis cells
(MEC) and microbial electro-synthesis cells (MESSs). The main objective is to contribute to the
understanding of the opportunities and difficulties, in the case of Brazil, in implementing carbon
capture in wastewater treatment plants.

Methodology: The methodology was a systematic literature review. Firstly, it was made an
advanced search using the keywords “bio electrochemical systems, carbon capture, wastewater
treatment”. Subsequently, the official Brazilian Qualis/CAPES system was used, with the aim
of classifying scientific production and the most qualified articles were kept. Finally, the
scientific journals were read and studied to understand the favourable and unfavourable
scenarios of BESs technologies.

Preliminary results: Considering that these technologies are recent, the cost, biggest challenge
for implementation, can be reduced if there are changes such as design optimizations.

Preliminary conclusions: Bio electrochemical systems (BESs) are recent innovations that
have high potential to participate in environmental solutions. One of the biggest challenges for
Brazil is the financial cost.
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Abstract: Climate changes are demanding worldwide nations to lower their greenhouse gas
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emissions by shifting their energy matrixes to biofuel-based ones. Sugarcane is considered the
ideal crop for biofuel production, but weed management still poses major loses to sugarcane
production. Biotechnology may leverage classical breeding approaches, and CRISPR
technologies expanded precise genome editing possibilities. Therefore, establishing an efficient
CRISPR-mediated genome editing pipeline to create new herbicide resistant varieties would
increase sugarcane production. In the present, 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, a vector set for straightforward gRNA units cloning by Golden Gate assembly
was also constructed. Moreover, we also identified novel herbicide resistance endowing
mutation within the ALS and EPSPS genes from sugarcane. Collectively, our work presents
cutting-edge breeding techniques along with new options for weed management in sugarcane.

Keywords: Gene editing; CRISPR; sugarcane.

Introduction and Objectives: Climate changes are demanding a worldwide effort to lower
greenhouse gas emissions by shifting the energy matrixes to biofuel-based ones. Sugarcane is
considered the ideal crop for biofuel production. In spite of transgenesis-based technologies
being widely used in agriculture, CRISPR-based technologies have opened a wide array of new
possibilities of precise genome editing. Specifically, cutting-edge techniques such as base
editing and Prime editing allow the installation of point mutation that can provide either gain
or loss of gene functions. Sugarcane, a complex polyploid, poses several a challenge for gene
editing, due to a high number of alleles. Moreover, since sugarcane is vegetatively propagated,
the segregation of transgenes used to introduce gene edits, is not a viable option. Gene edited
plants, without the incorporation of transgenes, have simple regulatory approval process.
Therefore, a transgene-free genome editing protocol would boost sugarcane improvement.
Gene edits that make plant cells resistant to herbicides can be used as a strategy towards this
goal. It is worth mentioning that herbicide resistant plants per se would be useful for farmers,
since this would easy the weed control with herbicides are a major problem. Accordingly, the
present work aims to establish efficient CRISPR-mediated genome editing tools and prospect
herbicide resistance endowing target mutations in sugarcane.

Methodology: ScPDS, SCALS, SCEPSPS and ScGS1 sequences: The genomic sequences and
coding sequences (CDSs) phytoene desaturase (PDS), Acetolactate synthase (ALS), -
enolpyruvylshikimate-3-phosphate synthase (EPSPS) and Gluthamine systhetasel (GS1) genes
from sugarcane cultivar SP80-3280 were obtained from publicly available databases from
SUCEST and NCBI. The ScPDS, ScALS, ScEPSPS and ScGS1 coding sequences were PCR
amplified, cloned into pGEM-T-easy vector and sequenced by Sanger method. roduction of
transgenic plants overexpressing herbicide target genes coding sequence with resistance
endowing mutations: The coding sequences of SCALS, SCEPSPS and ScGS1 genes bearing
herbicide resistance endowing mutations were constructed by overlap PCR. After sequencing,
the mutant versions were cloned into the pGVG vector and transformed in SP80-3280
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sugarcane variety by Pangeia Biotech. After acclimatation, transgenic events overexpressing
ScALS and SCEPSPS mutant versions were challenged with commercial doses of Imazapyr and
Glyphosate herbicides, respectively, and phytotoxicity was visually scored. Production of
transgenic plants carrying CRISPR reagents: The CDSs of SpCas9 (Cas9), nSpCas9(D10A)-
PmCDAI (TargetAlD) and nSpCas9(H840A)-NC-M-MLYV Delta RNase H (ePPE) were cloned
into the pGVG vector by restriction ligation reactions. Subsequently, the gateway cloning
cassette encompassing the CmR-ccdB region flanked by Attl and AttR2 sites was cloned into
the pGVG vectors by restriction ligation reactions. RAD51DBD-ABE8e-nSpCas9(D10A)
(ABE). After receiving the sgRNA expression units, the pGVG-Cas9 and pGVG-TargetAlD
vectors were transformed into SP80-3280 sugarcane variety by Pangeia Biotech thought their
proprietary agrobacterium-mediated genetic transformation method. SgRNA design and
cloning: sgRNA design for base editing and gene targeting were done with the Benchling and
CRISPOR online tools, respectively. Oligos carrying the selected target sequences were ordered
and used to generate PCR fragments bearing sgRNA elements. Afterwards, the PCR fragments
were cloned into intermediate gateway cloning vectors thought Golden Gate assembly and then
transferred into pGVG vectors by LR reactions. Identification of edited events: To identify
edited events among pGVG-TargetAID-ScALS transgenic plants, PCR followed by Restriction
Enzyme (PCR-RE) method was used. Genomic DNA from transgenic plants was extracted and
the A96V target region within the SCALS was PCR amplified with flanking primers. PCR
products were then digested with the Hhal restriction enzyme, which is sensitive to the cytidine
change installed by the TargetAlID nuclease that generates the herbicide resistance endowing
mutation in the SCALS gene. Restriction digestion products were resolved in agarose gels and
samples with undigested fragments were cloned in pGEM-T-easy vectors and sequenced by
Sanger method. Sequencing results were manually analysed in the SnapGene tool.

Preliminary results: In the present work, we sought to identify herbicide resistance endowing
mutations in the SCALS and ScEPSPS genes that could be installed by CRISPR methodology.
After challenged with Imazapyr and Glyphosate herbicides, highly resistant plants
overexpressing SCALS or SCEPSPS mutant versions were obtained, respectively. In parallel,
we constructed a vector set for CRISPR-mediated genome editing in sugarcane. Thus, CDSs of
the CRISPR nucleases Cas9 and TargetAID were cloned into the pGVG vector, thus generating
the vectors to be used for classic indel knockout and cytidine base editing (CBE), respectively.
Furthermore, the gateway cloning cassette was added to the aforementioned constructs to
permit SgRNA expression units cloning through LR reaction. Moreover, minor modifications
in the Plant Molecular Cloning (MoClo) system based on the Golden Gate assembly method
yielded an assembling strategy for multiplexing sgRNA cloning under the control of
polymerase Il promoter. Furthermore, we deployed the Pmel restriction site in pGVG-Cas9
vector for homology-directed repair template cloning and HDR experiments. To test our vector
set, we selected the phytoene desaturase (PDS) gene since its knockout renders an albino
phenotype. After CRISPR vectors assembly and sugarcane transformation, we observed only
one transgenic event presenting an albino phenotype thus indicating low levels of multiallelic
editing required for ScPDS knockout. Currently, molecular analyses to evaluate TargetAlID and
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Cas9 systems performance within ScPDS gene are being conducted. Additionally, a TargetAID
construct to install the previously identified herbicide resistance endowing mutation in the
ScALS gene was also transformed into sugarcane. However, we did not obtain resistant
transgenic events after challenging with Imazapyr herbicide. Interestingly, PCR-RE analyses
revealed the occurrence of indels instead of correct editing in the SCALS gene target region,
which is a common by-product of the CBE system. Altogether, these results indicate that CBE
system presents low levels of correct editing in sugarcane. To conceive high efficiency editing
systems and additional herbicide endowing target mutations, we constructed additional vectors
for executing Prime editing (PE) and adenosine base editing (ABE) systems, which present
elevated editing efficiency in monocotyledonous plants. To test the PE and ABE systems, we
selected another mutation in the SCALS gene and a mutation in the ScGS1 gene, which confer
Imazapyr and Glufosinate resistance, respectively. Currently, transgenic plants individually
overexpressing ScGS1 and the new SCALS mutant versions are being produced and will be
challenged with Glufosinate and Imazapyr after acclimatation, respectively. Lastly, transgenic
plants carrying a construct to install the previously identified herbicide resistance endowing
mutation in the SCEPSPS gene thought gene targeting (HDR) were generated and will be
challenged with Glyphosate soon.

Preliminary conclusions: In the present work, a variety of DNA vectors for CRISPR-mediated
genome editing were built allowing the execution of classical indels as well as point mutation
by base editing. Additionally, the Prime editing and gene target vectors provided here allow
complex mutations, such as multiple interspaced base changes and large insertion/deletion.
Along with our sgRNAs cloning strategy, this vector set represents a complete CRISPR-
mediated genome editing vectors toolbox for sugarcane research and improvement. Our
preliminary cytidine base editing tests indicate that the nSpCas9(D10A)- PmCDA1l
(TargetAlD) system had low efficiency in sugarcane in comparison to what was observed in
other monocotyledonous plants. Therefore, we are testing other cytidine base editing systems
to provide elevated efficiency for this type of gene editing modality in sugarcane.

In addition to the CRISPR-mediated genome editing vectors toolbox presented here, we also
identified Imazapyr and Glyphosate endowing target mutations within the SCALS and SCEPSPS
genes, respectively. Moreover, we are also testing new target mutations to be installed by Prime
editing and adenosine base editing within SCALS and ScGS1 genes, respectively. Therefore, in
addition to cutting edge breeding techniques, the present work also provides novel sugarcane
specific mutant version of herbicide target genes for weed management.
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Abstract: One of the biggest current challenges is the development of technologies that seek
to meet energy demand and wastewater treatment. In this context, microbial fuel cells (MFC)
present themselves as a promising technology, as they allow the conversion of chemical energy,
originating from various substrates, such as vinasse, to electrical energy. However, this process
has some limitations and challenges that needs to be addressed in order to increase energy
production and improve treatment efficiency. This investigation aimed to evaluate the use
accessible and low-cost electrodes, based on granular activated carbon, in power generation,
removal of organic matter, nitrification and autotrophic denitrification in the treatment of
vinasse. The dual-chamber and continuous feed MFC were divided into 3 types: MFC control,
MFC nitrifying and MFC denitrifying. The efficiency of the system was evaluated by
physicochemical and electrochemical parameters and the biofilm obtained was subjected to
molecular biology analyses. The average COD and TOC removals obtained were: 81% COD
and 80% for MFC control, 78% COD AND 79% TOC for MFC nitrifying and finally, the
highest average removal of 85% COD and 87% of TOC was achieved with MFC denitrifying,
using nitrate as an electron acceptor. The average total nitrogen removal for MFC control was
19%, for MFC nitrifying it was 39.3%, and for MFC denitrifying the average total nitrogen
removal was 5.8%. In terms of energy generation, the maximum power densities were 3.65
W.m-3, 1.06 W.m-3 and 0.59 W.m-3 for MFC control, MFC nitrifying and MFC denitrifying,
respectively. The Coulomb efficiencies were 2.46% for MFC control, 0.28% for MFC nitrifying
and 1.35% for MFC denitrifying.

Keywords: bioenergy, nitrification, denitrification, MFC, vinasse.

Introduction and Objectives: One of the biggest current challenges is the development of
technologies that seek to meet energy demand and wastewater treatment. In this context,
microbial fuel cells (MFC) present themselves as a promising technology, as they allow the
conversion of chemical energy, originating from various substrates, such as vinasse, to
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electrical energy. However, this process has some limitations and challenges that needs to be
addressed in order to increase energy production and improve treatment efficiency. This
investigation aimed to evaluate the use accessible and low-cost electrodes, based on granular
activated carbon, in power generation, removal of organic matter, nitrification and autotrophic
denitrification in the treatment of vinasse.

Methodology: An MFC was developed based on a compact dual-chamber design with low-
cost electrodes. The experimental study is composed of 3 phases, phase 1: Development of the
MFC; Phase 2: Inoculation and stabilization; Phase 3: System evaluation.

2.1 Development of MFC — Phase 1

The dual-chamber MFC was designed with the aim of obtaining a compact model, with
chambers of the same volume. To accurately meet the needs, the Autodesk Inventor
Professional 2012 software was used. The project was executed on a 3D printer model
Flashforge dreamer NX, using acrylonitrile butadiene styrene (ABS) filaments.

2.2 Inoculation and stabilization — Phase 2

1 MFC control, 1 MFC nitrification and 1 MFC denitrification were started independently.
Seeking a system with high microbiological diversity, the anode chambers were inoculated with
50% of the GAC coming from another MFC fed with synthetic vinasse wastewater that operated
in continuous feeding mode for 18 months and 50% of virgin GAC. The control MFC, with
aerated cathode and fed with phosphate buffer solution (PBS) without inoculation. To evaluate
the bioelectrochemical nitrification and denitrification process associated with the cathode, they
were inoculated as the anode. The cathodes of the MFC control and MFC nitrification continue
aeration. The catholyte was composed of synthetic vinasse without the organic fraction,
supplemented with ammonia for MFC nitrification, and nitrate for MFC denitrification. The
operation was carried out at room temperature, with 300 Q external resistance (Rext) and
hydraulic retention time (TDH) of 33 hours for each chamber and continuous feeding (CANO
etal., 2023).

2.3 System evaluation — Phase 3

The treatment efficiency for removing organic matter and nitrogen was evaluated using the
parameters in the Standard Methods for the Examination of Water and Wastewater (APHA,
2022). Among them, the main parameters are: COD, Total organic carbon (TOC), Total
nitrogen, selective ion chromatography, pH and conductivity. Energy generation was evaluated
using electrochemical data obtained with polarization curves, electrochemical impedance
spectroscopy (EIS) and cyclic voltammetry (CV).

Preliminary results: The average COD and TOC removals obtained were: 81% COD and 80%
for MFC control, 78% COD AND 79% TOC for MFC nitrifying and finally, the highest average
removal of 85% COD and 87% of TOC was achieved with MFC denitrifying, using nitrate as
an electron acceptor. The average total nitrogen removal for MFC control was 19%, for MFC
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nitrifying it was 39.3%, and for MFC denitrifying the average total nitrogen removal was 5.8%.
In terms of energy generation, the maximum power densities were 3.65 W.m-3, 1.06 W.m-3
and 0.59 W.m-3 for MFC control, MFC nitrifying and MFC denitrifying, respectively. The
Coulomb efficiencies were 2.46% for MFC control, 0.28% for MFC nitrifying and 1.35% for
MFC denitrifying.

Preliminary conclusions: All MFC prototypes showed efficiency above 80% in organic matter
removal and nitrogen removal performance during the monitoring period. This indicates that
they all developed a biofilm capable of removing organic matter, regardless of the catholyte.
Total nitrogen removal was 19% and 39% for nitrifying MFC and denitrifying MFC. As for
energy generation, adjustments to the proposed project were necessary to improve efficiency,
where the low values were, quite possibly, associated with poor electrical contact of the
electrodes.
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Abstract : This work presents an overview of the state of the art of solid oxide fuel cells
(SOFC) with respect to power density when operating at a temperature range of 400 — 700 °C.
Inside the SOFC, three different subcategories have been classified as Solid Oxide Fuel Cell
typical, (SOFCt), Protonic Ceramic Fuel Cell (PCFC), and Semiconductor-ionic Membrane
Fuel Cell (SIMFC) and compared in terms of maximum power density (MPD). The highest
MPD values for each fuel cell technology found in the temperature range investigated were
3270[1], 1900[2] and 1296[3] for SOFC, PCFC and SIMFC, respectively.

Keywords: SOFC; PCFC; SIMFC; power density.

Introduction and Objectives: Solid oxide fuel cells are ceramic devices that can efficiently
generate electricity from electrochemical reactions, are relatively tolerant to fuel contamination
and flexible with respect to fuels that can be used. It was discovered by Nernst, in 1899, and
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several subcategories, such as Protonic Ceramic Fuel Cell (PCFC), Semiconductor-ionic
Membrane Fuel Cell (SIMFC), and Electrolyte Free Fuel Cell (EFFC), among others, have been
developed since then[4]. The objective of this work is to compare the performance of three
subcategories of SOFC, named SOFCt, PCFC and SIMFC in terms of power density, from 128
papers published. Hence, the highest peak power density (or maximum power density, MPD,
published for the cases where the peak power was not achieved) of each work has been
considered into the analysis. In addition to that, this work is focusing on the transportation
segment, with the use of ethanol, which makes us believe the operating temperature range of
400 — 700 °C could be ideal[5]. The effects of operating temperature and electrolyte thickness
on the MPD are also being analysed.

Methodology: Since not all papers differentiate the SOFC into subcategories, in this work, the
following differentiation criterion was used to compare the results between these three ceramic
fuel cell types. Most but not all the criteria must be met in order to conclude the classification.
- SOFCt

Electrolyte is conductive only to O2-;

Ideally, the electrical conductivity of the electrolyte is zero or neglected;
Highly dense electrolyte;

High sintering temperatures;

Absence of metals in the electrolyte;

MPD has a positive correlation with operating temperature.

- PCFC

Electrolyte is conductive only to H+;

Ideally, the electrical conductivity of the electrolyte is zero or neglected;
Highly dense electrolyte;

High sintering temperatures;

Absence of metals in the electrolyte;

MPD has a positive correlation with operating temperature.

Differently from the SOFCt and PCFC, the SIMFC doesn’t need to have a 3-layers architecture,
and it could work without electrolyte. In order to properly work, an electrical barrier needs to
take place, hindering short-circuits, since the electrode materials of the SIMFC need to be
conductive to both electrons and ions.

- SIMFC

N-p heterojunction or similar;

- Schottky barrier;

- NCAL-Ni as both cathode and anode;
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Lower sintering temperature;

Nanoparticles in electrolyte;

Electrolyte is not as dense;

Thick electrolyte;

Highest MPD at or near 550 oC;

Electrolyte has both ionic and electronic conductivity;
Conductive to H+ and O2-.

Preliminary results: Fig. 1 shows the MPDs reported on 128 papers for three types of fuel
cells: SOFCt, PCFC and SIMFC. The highest MPD values for each fuel cell technology found
in the temperature range searched were 3270[1], 1900[2] and 1296[3] for SOFC, PCFC and
SIMFC, respectively.

Fig. 1 - Maximum Power Density of 128 studies reported with H2 vs operating temperature.
The lines in Figure 1 represent the weighted histograms, which were calculated by the
normalized sum of MPD for each fuel cell type at each temperature. As the MPD of SOFCt and
PCFC show a positive correlation with temperature, the MPD of SIMFC has a peak in 550 °C,
indicating it is a different technology. Moreover, over 80% of all the MPDs found in the
literature are at this temperature. This behavior can be explained by the efficiency loss of the
Schottky barrier effect, which prevent from electrons flowing in the wrong direction, with the
temperature increase[6-8]. Although the SIMFC did not achieve the highest MPD values at 550
°C, MPDs higher than 1 W cm-2 were reached, which is comparable to the highest PCFC and
the second highest SOFCt MPD values for this temperature. It can also be observed in Fig. 1
that the SOFCt has higher MPD values at all operating temperature, which is an indicative that
this technology is more mature. Ju et al. studied MS-SOFCs with a dense nanofilm as an
advanced anode and achieved a MPD of 2.95 W cm-2 at 700 °C[9]. By using a cost effective
manufacturing process, screen-printing, Joh et al. obtained a MPD of 2.08 W cm-2 with a ~12
um bilayer ESB/Y SZ electrolyte on an anode supported SOFC, operating at 700 °C. PCFCs are
gathering increasing interest due to the lower activation energy for proton conduction which
enables lower operating temperature, but at lower temperatures, cathodic polarization losses
become more prominent. Seong et al. studied the effect of cathode microstructure and noted
that with the intermediate cathode porosity studied of 53%, the cathodic resistance reduced
~38%, resulting in a PPD 32% higher[11].

The effect of electrolyte thickness on the MPD was also analyzed and the 10 highest MPD
results of each fuel cell type versus the electrolyte thickness are shown in Fig. 2.

Fig. 2—10 highest MPD vs Electrolyte thickness for SOFCt, PCFC and SIMFC, on H2. Figure
2 shows a clear segregation between SIMFC from the others in terms of electrolyte thickness.
That indicates that the electrical performance of both SOFC and PCFC is inversely correlated
to the ohmic loss and area specific resistance (ASR), which doesn’t seem to be the case for the
SIMFC. Although, this analysis has a limitation and once a thin film electrolyte can be
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successfully fabricated, the performance of electrodes, especially the cathode, becomes more
important than further reducing the electrolyte thickness[12-13]. The biggest challenge for the
SIMFC to be used in the transportation area is to significantly reduce its overall thickness, that
implies lower gravimetric power density.

Preliminary conclusions: It can be inferred from this study that the SOFCt is the technology
with higher maturity level, therefore achieved higher MPD results. The biggest challenge for
the SIMFC technology in this application is to reduce its overall thickness.
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Abstract: Isolated from the mangrove region of Brazil, the efficient strain of the
cyanobacterium Synechocystis sp. B12 showcases a remarkable capacity to produce poly(3-
hydroxybutyrate) (PHB) at a substantial level of 31% cellular dry weight, even under the intense
light conditions of 300 umol photons m-2 s-1. Such attributes hold promise for applications in
the field of biotechnology. Through the analysis of the 16S rRNA gene sequence, the B12 strain
was conclusively categorized within the Synechocystis genus. To enhance our understanding
of Synechocystis sp. B12’s DNA sequence, its genome was obtained by employing a minION
nanopore-based sequencing platform known for its longer-read capabilities, alongside the
metaFlye algorithm assembly. This approach aimed to uncover the organism’s metabolic
pathways and identify the genes accountable for polyhydroxyalkanoate (PHA) production. The
exhaustive genome sequencing of strain B12 revealed a circular chromosome spanning 4.05
Mbp. Among the discerned genetic elements were those associated with PHA metabolism,
carbon utilization, and energy production. These genetic signatures were then juxtaposed
against analogous species’ metabolic profiles, providing valuable insights. Detailed annotation
of the identified genes demonstrated the presence of typical PHA biosynthesis-related genes
such as phaA, phaB, phaE, and phaC. This comprehensive evaluation facilitated an initial
comprehension of their organizational framework. Furthermore, a comprehensive exploration
identified regions potentially encoding proteins through a similarity search, ultimately yielding
a comprehensive prediction of 5,290 genes.

Keywords: bacterial energy storage, biodegradable plastic, biopolymers, carbon capture,
polyester.

Introduction and Objectives: Isolated from the mangrove region of Brazil, the efficient strain
of the cyanobacterium Synechocystis sp. B12 showcases a remarkable capacity to produce

poly(3-hydroxybutyrate) (PHB) at a substantial level of 31% cellular dry weight, even under
the intense light conditions of 300 umol photons m-2 s-1. Such attributes hold promise for
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applications in the field of biotechnology. Through the analysis of the 16S rRNA gene
sequence, the B12 strain was conclusively categorized within the Synechocystis genus.

Methodology: To enhance our understanding of Synechocystis sp. B12’s DNA sequence, its
genome was obtained by employing a minlON nanopore-based sequencing platform known for
its longer-read capabilities, alongside the metaFlye algorithm assembly. This approach aimed
to uncover the organism’s metabolic pathways and identify the genes accountable for
polyhydroxyalkanoate (PHA) production.

Preliminary results: The exhaustive genome sequencing of strain B12 revealed a circular
chromosome spanning 4.05 Mbp. Among the discerned genetic elements were those associated
with PHA metabolism, carbon utilization, and energy production. These genetic signatures
were then juxtaposed against analogous species’ metabolic profiles, providing valuable
insights. Detailed annotation of the identified genes demonstrated the presence of typical PHA
biosynthesis-related genes such as phaA, phaB, phakE, and phaC.

Preliminary conclusions: This comprehensive evaluation facilitated an initial comprehension
of their organizational framework. Furthermore, a comprehensive exploration identified regions
potentially encoding proteins through a similarity search, ultimately yielding a comprehensive
prediction of 5,290 genes.
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Abstract: Carbon dioxide is a greenhouse gas that plays a crucial role in climate change. In
this way, the production of higher alcohols (HAs) from CO2 hydrogenation is a very attractive
route for producing value-added compounds, and in addition, mitigating this pollutant. In this
work, we synthesize,

characterize, and evaluate UiO-66 MOF-supported Cu-Fe catalysts in CO2 hydrogenation.
Three catalysts were synthesized, containing Cu/Fe weight ratios equal to 1, 2, and 5. The Cu/Fe
ratio was crucial in CO2 conversion and product distribution. The 15Cul5Fe-5K sample, with
a Cu/Fe ratio equal to 1, containing a balanced proportion between Cu and Fe atoms, led to a
higher yield for ethanol (2.1 molEtOH.kgcat 1.h-1, with CO2 conversion of 41.5%) due to its
high basicity and good hydrogenation capacity, producing the two active species, *CO and
*CHXx, in abundance and in an excellent proportion, representing the highest C-C coupling
capacity

Keywords: MOF UiO-66, Cu-Fe catalysts, CO2 hydrogenation, higher alcohols.

Introduction and Objectives: Higher alcohols synthesis from CO2 hydrogenation is a very
promising alternative to transform CO2 into high-value products. However, a suitable higher
alcohol synthesis (HAS) catalyst usually involves a striking balance between dissociative CO
activation (alkylation) and non-dissociative CO activation (alcohol formation). One of the main
challenges of this reaction is to convert the main intermediate, CO, into the desired products.
Using CuFe-based catalysts, the Cu atoms activate the CO associatively, keeping it as the active
specie *CO, while the Fe atoms dissociate it, transforming the CO into the *CHXx active specie.
The C-C coupling of these two species produces higher alcohols. In this way, the Cu/Fe ratio
has been pointed out as crucial in CO2 conversion and product distribution. MOFs are a class
of crystalline nanoporous materials that exhibit adaptability through large accessible surface
areas. Furthermore, the pores can be functionalized through the addition of functional groups
that favor the adsorption of gases, such as CO2. Furthermore, the synergistic effect between
MOFs and functional materials can effectively improve the catalytic performance of these
materials. To date, there are no Cu Fe-UiO-66-based catalysts that have evaluated the
production of higher alcohols from the direct hydrogenation of CO2. In this sense, this work
aims to obtain a new catalyst containing Cu and Fe supported on MOF UiO-66 for the
production of higher alcohols through the catalytic conversion of CO2.

Methodology: 250-mL scintillation vial, 1,4-benzenedicarboxylic acid (500 mg) and
zirconium tetrachloride (668 mg) were dissolved in a solution containing DMF (200 mL) and
acetic acid (14 mL). The vial was sealed and heated in a 120 °C isothermal oven for a day. A
white powder was collected by centrifugation (10,000 rpm, 7min), washed four times with DMF
(20 mL x 4) over 24 h period, and four times with acetone (20 mL x 4) over a 24 h period.
Finally, UiO-66 was dried under a dynamic vacuum overnight at room temperature and
activated at 120 °C under vacuum for 24 h. The catalysts were prepared by incipient-wetness
impregnation of aqueous solutions of copper, iron, and potassium precursors on the UiO-66.
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The resulting precursors were dried at 90 °C overnight and then calcined in N2 at 300 °C for 3
h at a heating rate of 3 °C min-1

Preliminary results: From the XRD patterns and N2 adsorptions/desorption isotherms of
calcinated MOF UiO-66, the material has high crystallinity and B.E.T area that matches very
well with data found in the literature. Furthermore, from TEM images, the crystals of this
material have octahedral and intergrown morphology with well-defined faces and edges, similar
to those reported by literature for UiO-66. After wet impregnation, the CuFeK/UiO-66 catalysts
were analysed from several characterization techniques. The samples were labeled as xCuyFe-
zK, where X, y, and z correspond to the element’s loadings from EDS results. Three samples
were synthesized, named 25Cu5Fe-5K, 20Cul0Fe-5K, and 15Cul5Fe-5K. The Cu/Fe ratio and
the weight loadings of the metals are especially relevant parameters as they dictate the
proportion between the two active phases (which have different catalytic properties) and the
particle size. From TPD-H2 results, the H2 concentration increased considerably with the Fe
content, since these atoms have a greater hydrogenation capacity in comparison with Cu.
Analogous to TPD-H2, the number of basic sites, quantified from the TPD-CO2 technique, also
increased with the Fe content. It is noteworthy to mention that K atoms are good donors of 4s
electrons to carbon dioxide molecules, resulting in a lowering of the activation energy necessary
for the hydrogenation of this reactant. It makes this element a very suitable promoter for this
reaction. The catalysts were applied in this reaction. The 15Cul5Fe5K/UiO-66 sample achieved
the best balance between dissociative and non-dissociative activation of CO, resulting in an
optimized production of ethanol and higher alcohols (2.1 molEtOH.kgcat-1.h-1, with CO2
conversion of 41.5%). The results for TPD-CO2 and TPD-H2 show a good capacity to activate
both reactants used in the reaction. The greater ethanol production for these samples shows that
there is an increase in the non-dissociative adsorption of CO, provided by Fe species, which
favors the *CHx - *CO coupling for the formation of this compound. The dissociation of this
intermediate also justifies the lower selectivity towards CO. On the other hand, the Cu-rich
sample, 25Cu5Fe-5K, led to a lower CO2 conversion (23.2%) and higher selectivity toward
CO, showing a lower C-C coupling capacity, since the non-dissociative activation of *CO,
provided by the Cu atoms, was predominant. CO2 hydrogenation was also accompanied by
DRIFTS. The bands at 1464 and 1545 cm-1, more evident for the 15Cul5Fe-5K sample, refer
to the *CH3COO species. The presence of these bands, added to the fact that *CO and *CHXx
were identified in the experiments, reinforces the theory of HAs formation from C-C coupling,
in which CO, generated through r-WGS, is hydrogenated to CHx*, followed by *CHx - CO
insertion.

Preliminary conclusions: Cu-Fe/K-UiO-66 catalysts were synthesized and characterized by
some relevant techniques. The proportion between Cu and Fe particles supported on MOF UiO-
66 proved to be fundamental in the conversion of CO2 and distribution of products, since an
adequate balance between the hydrogenation capacity and activation of CO2 was fundamental
in the formation of higher alcohols. The 15Cul5Fe-5K sample, with a balanced proportion
between Cu and Fe atoms, led to a greater yield of higher alcohols due to its high basicity and
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high hydrogenation capacity, producing the two active species *CO and *CHx , confirmed by
DRIFTS analysis, in abundance and in an optimal proportion, favoring chain growth reactions.
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Abstract Title: Surface modification of copper electrodes for electrochemical CO2 reduction
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Abstract: The aim of this project is to produce metallic copper (Cu) electrodes coated with the
polymer polybenzimidazole (PBI) for use in Electrochemical reduction of CO2 (ECO2RR).
Following the chemical coordination of PBI on the Cu surface, we observed enhanced
selectivity toward methane and ethylene as well as a decrease in the competitive hydrogen (H2)
evolution.

Keywords: CO2 reduction, copper, surface modification, polybenzimidazole.

Introduction and Objectives: Copper (Cu) catalysts have shown the highest ability to produce
hydrocarbons and alcohols such as ethylene and ethanol via Electrochemical Reduction of CO2
(ECO2RR). However, the development of systems capable of converting CO2 on an industrial
scale into multicarbon compounds (C2+) employing electrocatalysts with high selectivity,
stability, and Faradaic efficiency is still a long way off. One strategy in this approach is the
covering of Cu electrodes with organic molecules. In general, the coating improves Faradaic
efficiencies for C2+ products, reduces H2 generation, and improves catalyst stability when
compared to the respective electrodes without the coating. Therefore, the aim of this project is
to produce metallic copper (Cu) electrodes coated with the polymer polybenzimidazole (PBI)
for use in Electrochemical reduction of CO2 (ECO2RR).

Methodology: The copper electrode is immersed in HNO3 (5 M) solution for 5 minutes,
washed with water, dried in air, and then, reacted in a DFM solution of polybenzimidazole (0,03
%) at 50 °C for 15 minutes. Then, the copper electrodes are placed in a closed vial for drying.
The electrochemical experiments were performed in a homemade H-type cell equipped with
three electrodes. The cathode and anode were separated by a Nafion membrane. A platinum
mesh was used as counter electrode, and a Ag/AgCl as a reference electrode. All reported
potentials were converted to the reversible hydrogen electrode (RHE) scale. All working
potentials were controlled with a Autolab Potentiostat (PGSTAT30) under room temperature.
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The working electrolyte was an aqueous 0.1 M KHCO3 solution. Before every CO2 reduction
experiment, CO2 was bubbled through the electrolyte for at least 45 min to obtain a CO2
saturated solution. The Ohmic resistance was evaluated by electrochemical impedance
spectroscopy (EIS) at Open circuit potential (OCP), and 85% Ohmic drop compensation was
applied to all subsequent experiments. Electrolysis was performed at fixed potentials for 60
min, constantly purging the electrolyte with CO2 at 10 mL/min for a stable pH and continuous
CO2 supply. A gas sample was taken during 10 min in a gas sampling bag (Tedlar). Four
samples for each potential taken (average and standard deviation). The gas products from CO2
reduction were analyzed using a Agilent 8860 GC system. The GC system was equipped with
a FID, used to detect hydrocarbons, and a TCD for H2. The Faradic efficiencies (FE) were
calculated by combining the electrochemical and GC data in using FE = (F x ne— x mol product
/ electrolysis charge), where F = Faraday constant and ne— = number of electrons necessary to
generate each product.

Preliminary results: Copper-modified with PBI were characterized by Raman and nano-FTIR
(s-SNOM) and the spectra have shown the characteristic bands of the PBI polymer. Scanning
Electron Microscopy (SEM) revealed significant differences on the surface of the Cu electrode
modified with PBI (CuPBI) in comparison with the pristine Cu. A homogeneous granular
pattern was observed in the surface of CuPBIl. S-SNOM experiments also revealed a
homogeneous distribution of PBI over the surface of Cu. The Preliminaryy FE experiments
revealed that H2 production was lower in CuPBI vs. Cu, and the production of CH4 and C2H4
was higher in CuPBI.

Preliminary conclusions: In summary, a methodology for producing copper electrodes coated
with PBI was devised, and characterization results utilizing spectroscopic and microscopy
techniques revealed that the copper surface was uniformly covered with PBI. According to the
electrocatalysis results, Cu coated with PBI inhibited the H2 evolution while favoring the
generation of methane and ethylene. Our findings contribute to a deeper understanding of
ECO2RR activity and selectivity in PBI-modified Cu electrodes, and they demonstrate that
coordination with functional molecules is a potential technique for developing selective, stable,
scale-up catalysts.
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Abstract Title: Micractinium sp., mangroves, and biorefineries: A sustainable trio for third-
generation ethanol
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Abstract: Global population growth and modern lifestyles have heightened the worldwide
energy demand. Fossil fuels are crucial in meeting this demand, accounting for approximately
80%. However, the indiscriminate use of these resources has adverse implications, particularly
concerning CO2 emissions, which play a pivotal role in climate change. In this context, the
transportation sector is a significant contributor to emissions. Therefore, to address this pressing
challenge and align with the United Nations' Sustainable Development Goals (SDG), it is
imperative to seek low-carbon alternatives, such as ethanol derived from sugarcane and corn.
However, these biomasses face critical dilemmas, such as competition between food and fuel
production. Third-generation ethanol (3G) from microalgae biomass emerges as a potential
solution. These microorganisms can convert light, CO2, water, and nutrients into biomass,
glucose, and 02, demonstrating the capacity to accumulate substantial amounts of
carbohydrates, which can be hydrolysed and fermented to produce ethanol. However, the
production of 3G ethanol faces significant challenges. In this regard, strain selection is the most
critical step for successful 3G ethanol production, requiring productive and adaptable strains
under different environmental conditions. Furthermore, using microalgae to produce other
high-value bioproducts is essential for 3G ethanol success. In this context, strains isolated from
mangroves show promise due to their adaptability and resilience, although their
biotechnological potential is still underestimated. This work reports a strain identified as
Micractinium sp. B5, isolated from the Baixada Santista mangrove (SP, Brazil), shows high
biotechnological potential. Strain B5 was cultivated in a complete nutrient culture medium, and
after cellular growth, it was subjected to nitrogen deprivation to stimulate bioproduct
accumulation. The cultivation process lasted 14 days, consistently under 5% CO2 (v/v). The
obtained biomass was used to determine the cell's biochemical composition. In addition, the
acid hydrolysis conditions were optimized to obtain monosaccharides for subsequent alcoholic
fermentation using S. cerevisiae. Micractinium sp. B5's biochemical composition comprised
approximately (w/w) 30% total carbohydrates, with about 23% corresponding to glucose and
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24% lipids, notably producing C18 fatty acids with high added value. Monosaccharides
obtained after chemical hydrolysis, under optimized conditions, were converted into ethanol
with a yield exceeding 80% compared to the theoretical maximum. Furthermore, the obtained
hydrolysate proved to be free of potentially inhibitory substances for alcoholic fermentation,
producing only low concentrations of acetic acid. The results show that strain B5 has high
potential for the viable production of 3G ethanol and aligns with the biorefinery concept.
Besides, it represents a promising biomass contribution to achieving various SDGs.

Keywords: Microalgae; Energy transition; Mangrove forest; CO2 mitigation.

Introduction and Objectives: Global population growth and modern lifestyles have
heightened the worldwide energy demand. Fossil fuels are crucial in meeting this demand,
accounting for approximately 80%. However, the indiscriminate use of these resources has
adverse implications, particularly concerning CO2 emissions, which play a pivotal role in
climate change. In this context, the transportation sector is a significant contributor to
emissions. Therefore, to address this pressing challenge and align with the United Nations'
Sustainable Development Goals (SDG), it is imperative to seek low-carbon alternatives, such
as ethanol derived from sugarcane and corn. However, these biomasses face critical dilemmas,
such as competition between food and fuel production. Third-generation ethanol (3G) from
microalgae biomass emerges as a potential solution. These microorganisms can convert light,
CO2, water, and nutrients into biomass, glucose, and O2, demonstrating the capacity to
accumulate substantial amounts of carbohydrates, which can be hydrolysed and fermented to
produce ethanol. However, the production of 3G ethanol faces significant challenges. In this
regard, strain selection is the most critical step for successful 3G ethanol production, requiring
productive and adaptable strains under different environmental conditions. Furthermore, using
microalgae to produce other high-value bioproducts is essential for 3G ethanol success. In this
context, strains isolated from mangroves show promise due to their adaptability and resilience,
although their biotechnological potential is still underestimated. This work reports a strain
identified as Micractinium sp. B5, isolated from the Baixada Santista mangrove (SP, Brazil),
shows high biotechnological potential.

Methodology: Strain B5 was cultivated in a complete nutrient culture medium, and after
cellular growth, it was subjected to nitrogen deprivation to stimulate bioproduct accumulation.
The cultivation process lasted 14 days, consistently under 5% CO2 (v/v). The obtained biomass
was used to determine the cell's biochemical composition. In addition, the acid hydrolysis
conditions were optimized to obtain monosaccharides for subsequent alcoholic fermentation
using S. cerevisiae.

Preliminary results: Micractinium sp. B5's biochemical composition comprised
approximately (w/w) 30% total carbohydrates, with about 23% corresponding to glucose and
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24% lipids, notably producing C18 fatty acids with high added value. Monosaccharides
obtained after chemical hydrolysis, under optimized conditions, were converted into ethanol
with a yield exceeding 80% compared to the theoretical maximum. Furthermore, the obtained
hydrolysate proved to be free of potentially inhibitory substances for alcoholic fermentation,
producing only low concentrations of acetic acid.

Preliminary conclusions: The results show that strain B5 has high potential for the viable
production of 3G ethanol and aligns with the biorefinery concept. Besides, it represents a
promising biomass contribution to achieving various SDGs.
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Abstract: This work is one of the branches of an interdisciplinary collaboration, that seeks to
understand the rates and mechanisms of key geological reactions and their impact on geological
sequestration in the Rio Bonito formation. This comprises controlled mineralization
experiments and in-depth characterization of products of mineralization on formation rocks. In
this proposal, samples from prospects and outcrops near the Rio Bonito formation and plugs
extracted directly from the potential reservoir will be analyzed. Data from dissolution
mechanisms with weak acids are presented and will provide experimental validation of
previously established atomistic models, and finally help to understand the mineralization
mechanisms activated during laboratory tests.

Keywords: carbon dioxide, mineral sequestration, microfluidic.

Introduction and Objectives: Microfluidic devices have emerged as an essential tool for
reproducing large scale’s phenomena in a controlled environment. Their main characteristics
are the reduced size, low weight, and high throughput, as well as the capacity of operating with
small amounts of samples through micrometer and/or sub-micrometer channels. In this sense,
devices for reproducing flow in simplified pore structures have been fabricated using
engineered materials such as silicon, glass and PDMS. However, these devices present inherent
limitations once they do not fully reproduce complex micropores structures and do not replicate
the natural chemical reactivity of the real rock surface. As a result, these micromodels do not
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fully evaluate the fundamental mechanisms of flow, transport, and reactions within the context
of an actual reservoir.

Methodology: overcome these limitations, it was developed a microfluidic device using a real
rock as the sample. The device was projected to be characterized at the Carnaliba beamline of
the Brazilian Synchrotron Light Laboratory, aiming at in-situ monitoring the potential of rocks
from the Rio Bonito formation in capture and store carbon dioxide. In one of the surfaces (front
face) of a slice 5 mm thick, a channel of 1 mm wide, 0.5 mm deep, and 10 mm long was drilled
with two holes at the ends point along the rock. A Kapton tape was used to seal the channel in
the front face and keep the fluid flow only inside it. The holes connect both surfaces of the slice
and serve as the fluid inlet and outlet, in which a flux in the channel can be set out with a
peristaltic pump. Hydrochloric and Carbonic acid solutions were injected into the channel
during ten days, to initially evaluate the dissolution and precipitation mechanisms. The process
was evaluated by performing 2D images using a contrast of X-ray fluorescence and punctual X
ray absorption measurements in specific atoms.

Preliminary results: Using ambient conditions of temperature and pressure it was not observed
any mineral precipitation along the channel. However, these first tests using this novel and
original Rock on a Chip device were important for its validation. The considered parameters
such the shape and sealing of the channel, were found to be optimal for the intended
experiments. No leaks were observed during the runs and all intended measurements were
conducted without issues. Moreover, important chemical information was obtained through X-
ray fluorescence maps, which will help and guide us in future experiments. In addition, the X-
ray absorption measurements showed the microstructural changes occurring in the samples
submitted to the mineralization experiments. The interpretation and complete understanding of
all these spectra is in progress.

Preliminary conclusions: This set of data was important to validate the device, however, some
improvements are going to be made to increase the chances of observe the mineral precipitation.
The main point is considering pressure along the channel, which is a fundamental parameter of
the CO2 capture and storage. This phase is yet being planned, but it is intended to insert the
rock into a PDMS box, complete sealed that will allow inject a pressurized solution. Meanwhile,
the actual device will be used to better investigate the mineral dissolution by considering
different acid solution in different concentrations. To understand the mineral dissolution rates
is fundamental to know what will be the results from the CO2 interaction.
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Abstract: Oil extraction is one of the main sources of carbon dioxide. An alternative to burning
the gas that is extracted along with the oil is to use it as an EOR and CCUS method in
siliciclastic and carbonate reservoirs, the latter being geochemically reactive and can trigger
changes in the reservoir. Geochemical modelling has been used in recent years to predict
scenarios of changes in reservoir rocks when gas is injected. Although it is a relevant topic,
there are currently few published studies on changes in the geological properties that can occur
in Presalt carbonate reservoir rocks in response to long-term CO2 injection, considering that
gas injection is a reality in the Presalt. Taking into account this scenario and the economic
relevance of the Santos Basin Presalt, a 1D reactive transport geochemical model was proposed
for the 20 years of continuous carbonate brine injection, to understand how CO2-fluid-rock
interaction occurs in the long term. Various customizations were also proposed for the Phreeqc
program to adapt it to the conditions found at Presalt. The modelling was carried out to compare
points at different distances from the injection well, modelling with different levels of
refinement and the total carbon accumulated over the proposed 20-year period. Among the main
results found are: 1) equilibrium was not reached for the larger minerals in the vicinity of the
injection well at the end of the period; 2) the pH stabilized at around 7.45; 3) the total
accumulated carbon calculated was 25.5 m3/kg of rock in the vicinity of the injection well; 4)
the customization and refinement of the geochemical modelling significantly alters the final
results.

Keywords: CCUS, Geochemical Modelling, Reactive Transport, Phreeqc, Presalt, Santos
Basin.

Introduction and Objectives: CO2 is currently considered to be the main cause of the
greenhouse effect (Metz et al., 2005), a problem that is also related to the hydrocarbon
production chain since this activity produces a large amount of gas. An alternative to mitigate
the adverse effects of CO2 production in oil wells and its emission into the atmosphere is to
inject the gas into carbonate reservoirs as an EOR and CCUS method (Emberley et al., 2004;
Cantucci et al., 2009; Romero & Pereira, 2014; Rosa et al., 2016; Siqueira et al., 2017). Several
geochemical processes occur in carbonate reservoirs when CO2 is injected, however, the
dynamics of the geochemical processes and their consequences in geological, physical, and
chemical terms for the reservoir rocks are still little known, and this is a relevant topic for
research in the oil area, since the reinjection of CO2 into offshore basins is a reality in the
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country. Despite the relevance of the topic, no studies have been found in the current literature
on long-term geochemical modelling of the effects of this injection, which would be useful for
predicting the behaviour of carbonate reservoir rocks in the face of gas injection.

This research aimed to improve geochemical modelling to generate more reliable alteration

scenarios in the carbonate reservoir rocks of the Santos Basin Presalt in response to CO2
injection.

Methodology: The model was developed using data from well 9-BRSA-716-RJS, located in
the Tupi Field, provided by the ANP's Exploration and Production Database, which was added
to the geochemical modelling program Phreeqc. 1D reactive transport modelling was carried
out for 5 different distances from the injection well in 100 stages, totalling 20 years of injection.
The customization of the geochemical modelling included a new database for the pressure and
temperature conditions of the Presalt, and Kkinetic rates for all minerals, trace minerals, and
secondary minerals.

Preliminary results: In the modelling, equilibrium was reached for most of the minerals, and
the pH at the points furthest from the injection was well, within the 20-year interval. In the
vicinity of the injection well, all the larger minerals continued to precipitate or dissolve until
the end of the proposed period, establishing a buffer effect that allowed the pH to remain
balanced. Some minerals, such as talc, anhydrite, dawsonite, and cristobalite, dissolved
completely, proving not to be stable under gas injection conditions. Most of the interactions
took place in the first few years and were more intense in the vicinity of the injection well. A
comparison of the tests generated with different levels of enhancement showed that the
inclusion of trace minerals interferes directly and significantly with the final results and the
evolution of mineral concentration.

The total carbon stock was also calculated, with 80% of the total being structurally trapped, 2%
dissolved/residual, and 18% mineralized, at the end of the proposed 20 years. Comparing
distances, there are 25.5 kg/m? rock (near the injection well), 12.06 kg/m?3 rock (halfway
between the wells), and 12.06 kg/m3 rock (near the producer well).

Preliminary conclusions: The unpublished results of this research may help in the
development of more accurate geochemical modelling inside and outside academia, and
increase understanding of the geochemical and mineralogical response of carbonate rocks to
CO2 injection under reservoir conditions in the Santos Basin Presalt.
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Abstract: This work assesses the effect of dilution on three turbulent oxy-methane flames
diluted with CO2 in an internal recirculation combustion chamber. The anchored, lifted, and
MILD flames were established keeping the bulk velocity of 02 + CO2 fixed at 30 m/s, changing
the mole fraction of CO2 (0% — 72%) and the equivalence ratio (0.5 — 1.0). From the
measurement of the OH= radical emissions by chemiluminescence, the mean fields indicated
the flames topology and standard deviation the emissions fluctuation. The anchored flame
possessed the jet shape and was established at lower dilutions, the lifted flame was shown to
produce great noise linked to liftoff height, whereas the MILD/flameless regime was evenly
distributed in the chamber. The blowoff occurred at a constant laminar flame velocity by
varying the equivalence ratio. This result indicates that the laminar flame velocity better
represents the blowoff phenomenon than the adiabatic flame temperature.

Keywords: Oxy-combustion, flame stability, chemiluminescence, combustion regimes,
blowoff.

Introduction and Objectives: In the context of Carbon Capture Utilization and Storage
(CCUS) technologies applications, oxy-fuel combustion appears as a promising route to reduce
carbon dioxide emissions. In oxy-fuel combustion nitrogen is not present, or is present in a
small amount, consequently the temperature of the combustion gases is little diluted and
becomes much higher than in the air-fuel case. However, in power plant applications, the high
temperature at the turbine inlet is an obstacle. Therefore, it is essential to use a substance to
replace nitrogen as a temperature diluent. The immediate candidates to dilute the temperature
are carbon dioxide and water vapour, which can be recycled from flue gases. In this way, the
high concentrations of CO2 and H20 in the combustion gases facilitate the separation and
capture of carbon dioxide. Despite this, the energy cost of O2 forces combustion with oxygen
close to stoichiometry, which makes it essential to perform combustion in an increasingly
efficient manner. Added to this, the different thermophysical and thermochemical properties of
CO2 and H20, compared to N2, change the flame stability characteristics. This study
investigates the effect of CO2 dilution on flame stability of a non-premixed turbulent oxy-fuel
configuration in an internal recirculation combustion chamber. OHx chemiluminescence
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distributions were used to determine the operation range of different combustion regimes and
the stability of the combustion chamber based on the blowoff analysis.

Methodology: The combustion chamber was developed at Instituto Superior Técnico (IST)
to operate stably in the conventional flame and MILD/flameless regimes in air-fuel combustion.
The chamber consists of a quartz tube 100 mm in diameter and 350 mm in length resting on the
burner and fixed by an upper flange. The quartz tube was wrapped in three layers of alumina
ceramic blanket, each layer with 20 mm, in order to achieve thermal insulation with the
laboratory environment. The oxidant (O2) and the diluent (COZ2) are pre-mixed before being
inserted into the burner; this mixture enters the chamber through a 10 mm centred on the burner.
The fuel (CH4) is inserted into the burner through 16 holes of 2 mm in diameter equally
displaced 15 mm from the centre of the burner. Thus, the methane and the O2/CO2 mixture
mix only inside the combustion chamber, constituting a non-premixed configuration. The OHx

radical chemiluminescence measurement system was set up with a 306.6 £ 1.5 nm bandpass
filter connected to an objective lens with UV limits between 250 nm and 410 nm, focal length
100 mm f/2.8 from CERCO model 2073. This set was coupled to a C10880 Hamamatsu
Photonics K.K. image intensifier and a 12-bit CMOS camera with a sensor array of 1280x800
pixels and 20 um of pixel pitch (V311 - Vision Research Inc.). A 575-8C pulse generator from
Berkeley Nucleonics Corporation synchronized the camera and image intensifier and was
controlled by the Dynamic Studio software from Dantec Dynamics A/S. In each measurement,
17375 images were acquired at a rate of 2 kHz. To adapt this acquisition frequency, 960 x 512
pixels of the sensor were used. All measurements were carried out keeping the bulk velocity
constant, thus maintaining the so-called similar cold-flow conditions, in order to maintain close
turbulent intensities in the comparison between flames. The flow rates of O2 and CO2 were
adjusted to maintain the velocity at 30 m/s in the burner’s center jet. The methane flow was
controlled in such a way that the equivalence ratio was unity, in the case of chemiluminescence
measurements, or lean in blowoff measurements. The blowoff measurements were performed
first keeping the thermal power fixed and the oxygen flow sufficient to reach 30 m/s in the
central jet. From there, the flow rate of O2 was decreased and that of CO2 increased slowly, in
such a way that the bulk velocity remained constant until the blowoff event. During the
operation, the flame regimes changed from the anchored flame to the lifted flame, in some cases
reaching the MILD/flameless regime and finally the blowoff.

Preliminary results:
Anchored Flames

The anchored flames always maintained the well-known jet topology attached to the central
edge of the burner outlet. In the mean field, maximum intensity values are seen at the jet
boundary. Boundary, in which the greatest intensity gradients occur when analyzed in the radial
direction. Values in the standard deviation field define three regions: inside, boundary, and
outside the jet. There is a pronounced definition of the jet boundary with maximum values. This
occurs similarly to large turbulence scales, at the jet boundary, where the maximum gradients
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occur, the most significant fluctuations and consequently the highest turbulent kinetic energy.

Lifted Flames

The lifted flames produced loud noise linked to the height oscillation and the shape of the flame.
This occurred in the range from 3726 K to 2795 K of Tad. The maximum mean intensity of the
lifted flame was centered in the measurement window above 150 mm. The intensity decreased
with a smoother gradient than seen in the anchored flame. In addition, the oscillations make the
distribution asymmetrical. The intensity standard deviation field shows peaks distributed at the
bottom of the flame indicating liftoff height variability.

MILD/Flameless Regime

In the flameless regime the noise decreases drastically in relation to the lifted flame noise. In
addition, the luminosity was uniform inside the chamber with a reddish color. The emission
peaks of OH* reduced from 564 a.u., to 361 a.u. and 94 a.u. for the anchored, lifted, and

flameless, respectively. This reduction in intensity indicates that reactions occur at a lower
intensity in this regime, although chemical reactions are still present, since the noise peak
intensity observed with the camera shutter closed is 90 a.u.. The mean and root mean square
fields confirm the uniform distribution of combustion in the chamber. On average, there is a
slight increase above 150 mm only on one side of the radial positions, which points to an
unexpected asymmetry, which is also observed in the root mean square field.

Blowoff Analysis

The blowoff procedure was applied to a series of six thermal powers, in which the blowoff
occurred in different equivalence ratios. It can be seen that the adiabatic flame temperature at
blowoff decreases with the equivalence ratio and the thermal power from 2182 K to 1856 K.
The laminar flame velocity varies between 13 cm/s and 15 cm/s, with a mean value of 13.9
cm/s. Therefore, there is a correlation between the blowoff phenomenon and the global laminar
flame speed, which was calculated with the input parameters. These results are related to
keeping the bulk velocity constant at the inlet, which means that it is assumed that ultimately
the turbulence time scales were kept in the same order of magnitude. Thus, increasing diluent
alters chemical kinetics and transport properties in such a way that ultimately increases the
characteristic chemical time scale until blowoff occurs.

Preliminary conclusions: In this paper, the effect of CO2 dilution on the flame stability of a
non-premixed turbulent oxy-methane configuration in an internal recirculation chamber at
atmospheric pressure was presented. The operational conditions were set keeping the bulk
velocity of the O2/CO2 mixture fixed and the anchored, lifted, and MILD/flameless regimes
were observed until blowoff. OH* chemiluminescence measurements showed the mean
topology of the flames, in addition to providing an indication of turbulence by the standard
deviation field. The anchored flame exhibited a well-defined jet structure stabilized in the
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combustion chamber inlet plane. The lifted flame produced great noise and oscillations in shape
and liftoff height. In the MILD/flameless regime, the reactions were more uniformly distributed
inside the chamber and presented a considerable reduction of OH= and noise emissions. The
blowoff was studied in the equivalence ratio range from 0.5 to 1.0. The results indicate that the
blowoff occurs at a constant laminar flame velocity regardless of the equivalence ratio.
Although the chamber configuration is non-premixed, this correlation suggests that the laminar
flame velocity is the representative parameter of the characteristic chemical time scale changes
in the flame caused by dilution.
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Capture
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Abstract: The growing demand for viable methodologies for capturing CO2 has led to the
emergence of various liquid and solid materials that are easy to prepare, inexpensive,
recyclable, and environmentally friendly. In this context, a new class of solvents known as deep
eutectic solvents (DES) has gained prominence due to their advantageous properties. This
project aims to evaluate the CO2 absorption capacity of different DES through the combination
of various spectroscopic measurement methods for material and product characterization. DES
were prepared in different proportions from superbases, alkanolamines, and urea derivatives.
CO2 absorption was conducted at different pressures at a constant temperature, using
vibrational spectroscopy techniques (Raman and IR) to characterize the DES in the absence and
presence of the gas. Through this study, it was found that DES formed from superbases and
amines are promising CO2 fixatives with high sorption capacities, while DES formed from urea
derivatives have reversely absorbed CO2 driven by strong interactions. However, further
studies are needed for a complete understanding of this process. The results demonstrate the
potential of deep eutectic solvents formed from superbases in capturing carbon dioxide. By
analyzing spectroscopic results, a better understanding of the mechanisms involved in the gas
sorption process in these solvents can be gained. Consequently, in the future, it will be possible
to evaluate the possibility of converting the gas into value-added materials and optimize gas
capture with more specific DES.
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Introduction and Objectives: The emission of carbon dioxide (CO2) and another greenhouse
gases (GHGs) have gradually increased over the years, resulting in various environmental
impacts. It reached its peak in May 2020 when atmospheric CO2 levels reached 413 ppm.
Therefore, the optimization of CO2 capture is urgently needed. Currently, the commonly used
method for CO2 capture in the industry involves a 30% aqueous solution of monoethanolamine
(MEA), widely commercialized due to its efficiency and reversibility. However, this technique
has several problems such as the volatility of the amine, toxicity, low thermal stability, and high
energy requirements for recovering captured CO2, making the search for new technologies
extremely important. To improve this process, a new class of solvents has been studied for
capturing these compounds. Thus, a recent class of deep eutectic solvents (DES) has gained
prominence due to their properties such as ease of preparation, low production cost, greater
biodegradability, and lower toxicity. Typically, DES are composed of two chemical species, a
hydrogen bond acceptor (HBA) and a hydrogen bond donor (HBD). The numerous possible
combinations of HBAs and HBDs allow for the preparation of DES with desirable properties.

It is known in the literature that basic functional groups in solvents favor CO2 sorption due to
the nature of CO2. Therefore, highly basic and unstable compounds in their pure form, known
as superbases, have been used to obtain functionalized DES for efficient CO2 capture. The
investigation of HBA-HBD and DES-CO2 interactions is the key point for a fundamental
understanding of the CO2 capture and conversion process. Therefore, this project employed
vibrational spectroscopy (Raman and IR) and CO2 sorption measurements as a function of
pressure and temperature to investigate interactions in DES and their mixtures with CO2. A
systematic study of superbases-based DES for CO2 capture was conducted, both from a
fundamental perspective, involving spectroscopic and thermodynamic characterization of
interactions, and from a practical perspective, evaluating absorption capacity and the possibility
of conversion into higher-value products.

Methodology: Different deep eutectic solvents (DES) were tested, prepared in various
proportions of donors and acceptors using superbases as HBAs and urea derivatives and amines
as HBDs. The characterization of the solvents was carried out both in the presence and absence
of CO2 using vibrational spectroscopy (Raman and IR). The DES were prepared following
adaptations from methods described in the literature. For mixtures containing amines, the
preparations were carried out in an inert atmosphere with magnetic stirring for 1 hour and kept
closed until complete homogenization. For mixtures prepared with urea derivatives, the system
was heated to 40°C, stirred for 1 hour, and kept closed until complete homogenization. Two
CO2 absorption measurements were conducted. In the first measurement, an aliquot of the DES
synthesized in the previous steps was used for the gas absorption experiment. It was transferred
to a two-neck flask and maintained under a constant gas flow with magnetic stirring for 30
minutes at a temperature of 35-40°C controlled by a silicone oil bath. The system was sealed
with an oil seal to prevent contact with the atmosphere. For the mixture of superbases with
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amines, an additional measurement was performed using the magnetic suspension
microbalance, which allows measuring CO2 absorption by varying gas temperature and
pressure. The determination of CO2 solubility was carried out by saturating the gas in the DES
at different pressures and a fixed temperature of 40°C in the pressure range of 0-25 bar.

Preliminary results: Analysing the infrared (IR) spectra of the mixtures revealed shifts and
changes in the intensity of bands due to the presence of other functional groups and
intermolecular interactions. These band changes indicate the formation of new interactions in
the mixtures, such as hydrogen bonds, enabling the understanding of the mixtures as DES.
Superbases exhibited a higher CO2 absorption capacity compared to amines and urea because
they can reach equimolar absorption values, although the experiments did not replicate
theoretical values due to the gradual increase in the viscosity of the mixture during the process.
Mixtures based on superbases and amine derivatives in the ratio of 2HDA-1HBD have
exceeded theoretical absorption values. However, mixtures of superbases with urea derivatives
exhibited lower absorption capacities due to the formation of competitive hydrogen bonds for
CO2 binding sites. The CO2 absorption capacity depends on intermolecular interactions among
the components of the DES and the gas, especially DES-H20O interactions. As the formation of
carbamate salt resulting from the CO2-amine interaction increased in the system, there was
competition for the N-H bond responsible for carbamate formation, as this bond also formed
hydrogen bonds with the salt.

Preliminary conclusions: The mixture of superbase and amines has proven advantageous for
CO2 capture, resulting in a low viscosity liquid with two reactive components towards the gas.
Mixtures formed with superbase and urea derivatives have shown promising results in CO2
capture. The IR characterization of the m