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Brasil tem a
oportunidade de se
tornar neutro ou
negativo em GEE e uma
poténcia global em
energia renovavel
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Captura e Utilizacao de Carbono

Combustiveis verdes do futuro

Motor
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combustivel

* O metanol é liquido em temperatura ambiente, enquanto H, e NH; sdao gases.
* O metanol é biodegradavel, possui alta octanagem (109 RON) e nao produz fuligem.
* Se produzido de fontes renovaveis, 0 metanol pode apoiar a descarbonizacao a longo prazo.
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Captura e Utilizacao de Carbono

Methanol as a marine fuel

Methanol is an innovative alternative fuel solution with many benefits

* Low emissions

+ Safe, environmentally friendly

* Bio-degrades rapidly in water

* Available globally
‘ Avatlable . Long history of safe haerllngA
\ + Straightforward bunkering with
\ existing infrastructure

* Low incremental investment

Affordable + Competitive fuel costs
* Liquid fuel flexibility

. }
= ) * Successfully in use today
Methanol * Commercialization activity expanding Diesel bunker fuel

* Emission reductions when compared to heavy fuel oil = - -
| ' EY

A s NOX Partculte Matter Compared to conventional marine fuels, conventional and
0, 0, 0, . - -
! 99%< 60% < 95%< renewable methanol reduce CO, emissions during
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2 combustion by ~¥15% and ~95%, espectively.
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https://swzmaritime.nl/news/2020/03/10/waterfront-shipping-methanol-as-a-marine-fuel-works/ -




Bioenergia com Captura e Armazenamento de Carbono
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ISSUES & EVENT

Whatever happened to
cellulosic ethanol?

Technological immaturity, falling oil prices, overoptimistic
investors, and regulatory uncertainty are blamed for the failure
of a promising biofuel technology to perform as hoped.

federal investments in R&D and in
pilotand demonstration plants, eth-
anol from noncrop biomass has yet to

Desplle a decade and a half of big US

Nor has that happened anywhere else in
the world but Brazil.
Whether the technolo
from the
an apen question, but it has become ever
more certain that sustainable biofuels
are ey to achieving global carbon neu-
trality by midcentury, according to the
cienifcconsensus rflcted n reports by
the Intergovernmental Panel on Climate
‘Change (IPCC) and other organizatio
“In order for biofuels to take their
needed place in a sustainable world, th

cessful than the last” says Lee Lynd, an

e pro
Tege who cofounded a failed cellulosic-
ethanol startup named Mascoma.

have largely missed their opportunity
Today, the US s by far the largest pro-
ducer o ethanol, accounting for roughly
55% of global output. Nearly all of it i
made from com. The US renewable fucl
standard (RFS),enacted in 2 2005 satute
and expanded two years later, requires
pelroleun reiners o blend ethanol into
each gallon ofthe gasoline they sll. The
RES spurred the rapid growth of the
comeethanl industry. Yet since the RFS
for com ethano is capped at 15 billon
gallons per year, there i ltle incentive
for further expansion of the bus
Another limitation on growth is the so-
called blend wall, the 10% limit on the
ethanol content of gasoline fuels that
automakers have st for all but the small
fraction of US vehicles that are flex-fuel,
capable of burning ethanol content up to

22 PHYSICS TODAY 1 3ULY 2022

§5%. Ethanol advocal
conventional lightduty
be increased fo 15% w
mains.
Roughy 40% of the annual US com
op now goes 1o ethanl. Converting

release of large amounts of CO, from
Is. That so-alled carbon debt could
take decades o pay back through photo-

at the University of Michigan's Energy
Institute, notes that the values that are
igned to land-use change in different

an

haveestablished a lowercarbon-intensity
value for gasoline.

The case fo cellulosic

Cellulosic, or nonstarch, biom:

residues, wood waste, g

plant matter—has long been seen as a
more inable raw material for etha-
nol production. Much of the biomass
could come from lands unsuitable for ag-
riculture, thus minimizing land-use im-
pacts. Theoretically, cellulosic ethanol
offers a much larger reduction in carbon
intensity than com ethanol—as much
as 80% below gasoline’s, depending on
variables such as the feedstock used
and the processing method, according
to Argonne National Laborator

house Gases, Regulated E:

Energy Use in Technol

cycle em

model calculates corn ethanol’s carbon

intensity o be 4% below gasoline’s.

I aseries o 2016 studies col
known s the “billion-ton report,
Department of Energy estimated that
500 million tons of nonstarch biomass
could be harvested or collected annually
in the US without ad

finding, which he saysis based on a lot
of favorable assumptio ellulosic
ethanol had actualy taken o, he

uld have unleashed a wave of land-
se conversions as large agibusinesses
moved into the business of cultivating

‘miscanthus,or rapidly growing trees like
aspens,they will eck lo do that on the
best land they can obiain.”

The lignocellulose that compos
Teaves and stalks of plants is consider-
ably more dificult o break down to al-
cohol than the readily fermeniablestarch
in com; it requires specialized enzymes
or thermochemical technologies. The
2007 RS included a specific mandate for
cellulosic ethanol, reaching 16 billon
gallons by 2022 But lawmakers vastly
overestimated the eadiness of cellulosic

RAIZEN'S PLANT in Piracicaba, Brazil, is the world's or
cellulosic ethanol. Here, crushed sugarcane residue cal
intothe processing plant.Raizen plans to buld 20 suc

mment and pri-
poured into R&D. The Envi-
ronmental Protection Agency, which ad-
minisers the RFS program,
202 requirement for 630 million gallons
ellulosic biofuels.

DOE in 2007 established three bio-
energy research centers at its national
labs. A fourth center, headed by the Uni-
versty of Ilinois at Urbana-Champaign,
was added in 2017. In 2007, BP pledged
$500 million over 10 years to fund an
Energy Biosciences Institute, headguar-
tered at the University of California,

mervill, the instiule’s

of value. And to do that requires quite
Tot of technical knowledge and now-
how;” he says. Large integrated oil com-
panies suich as BP could accomplish that,
but “it wil remain very challenging for

startups |
nical abil

DuPo
builtcom
plants in
shared §
Noneren
balled, ar
to produr
tion fale
had litle
the cellul

“DOE
was pust

we're rea

Inthe
coma, w
blame, Ly
tions way
one meet.
stood up
is ot th

Theirresponse was, i doesn't have to be
ifferent or good—itjust has o be it
And the assumption was that the world
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Brazilian sugarcane ethanol as an expandable
green alternative to crude oil use

Deepak Jaiswal'’, Amanda P. De Souza"?, Seren Larsen®*>, David S. LeBauer®, Fernando E. Miguez’,

Gerd Sparovek3, German Bollero®, Marcos S. Buckeridge? and Stephen P. Long

Reduction of CO, emissions will require a transition from fossil
fuels to alternative energy sources. Expansion of Brazilian
sugarcane ethanol'? provides one near-term scalable solution
to reduce CO, emissions from the global transport sector.
In contrast to corn ethanol, the Brazilian sugarcane ethanol
system may offset 86% of CO, emissions compared to oil use,
and emissions resulting from land-use change to sugarcane are
paid back in just 2-8 years®*. But, it has been uncertain how
much further expansionis possible given increasing demand for
food and animal feed, climate change impacts and protection of
natural ecosystems. We show that Brazilian sugarcane ethanol
can provide the equivalent of 3.63-12.77 Mb d~" of crude oil by
2045 under projected climate change while protecting forests
under conservation® and accounting for future land demand
for food and animal feed production. The corresponding range
of CO, offsets is 0.55-2.0 Gigatons yr~". This would displace
3.8-13.7% of crude oil consumption and 1.5-5.6% of net CO,
emission globally relative to data for 201457,

1,8,9,10%

BioCro model (Supplementary Fig. 2 and Supplementary Table 1).
Rather than project yield from empirical relationships, BioCro
cimnlates nlant orawth hanr hv hanr an the hacis of nnderlving
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Scenario 1 Scenario 2 Scenario 3
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Figure 1| The fraction of land available for sugarcane expansion by 2045 in each of the legally defined micro-regions of Brazil under the three land-use
scenarios considered in this study. Brackets are inclusive and parenthesis are not inclusive in the legend for area fractions. [x, y] represents x < area
fraction <y and (x,y] represents x < area fraction <y.
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CLEAN ENERGY FOR A GREENER FUTURE:
BRAZILIAN PERSPECTIVE
(Background note prepared by Brazilian Academy of Science for S20 Thematic Conference on Clean
Energy for a Greener Future - Agartala, 3-4 April 2023)

WORLD ENERGY SCENARIO

The scenario for generation and use of energy is undergoing strong changes due to the
requirements to meet the commitments associated to reducing emissions in accordance
with the Paris Agreement, and to achieving the 17 Sustainable Development Goals
(SDGs). There is also a strong necessity to attend the more vulnerable populations that
have no access to energy. In the clean energy transition process, considerations of social
justice and equity in energy access are central.

Human activities in general require energy and both the wealth of a nation and the well-
being of its respective populations are closely related to the energy available to it'. As
the world moves towards achieving the 17 SDGs, more energy will be required, especially
energy generated with low greenhouse gas (GHG) emissions. However, the expectation
of energy growth should not obliterate efforts to reduce energy demand in the search
for quality of life and social well-being in more parsimonious standards.

In the last twenty years, the world's annual energy consumption has increased from
approximately 400 million TJ (tera Joule) to 600 million TJ. In the same period, world
GDP increased from approximately US$ 34 trillion to US$ 97 trillion, indicating that, on
average, for each increase of US$ 1.0 trillion in GDP, approximately 3 million TJ is
required. By current standards, this growth comes mainly from non-renewable energy
sources, mostly fossil fuels. The energy transition to renewable energy sources and the
shift in development strategy towards less energy-intensive economic progress are today
a global priority to ensure sustainable and socially fair growth.

Energy Supply

The world's energy supply indicates that approximately 80% of primary sources come
from fossil fuels, major GHG generators, and this reality has not changed over the last
twenty years despite the observed growth of renewable sources?. Although solar and
wind generation are increasing globally, their shares in global supply are still very small
(~2%). Additionally, the distribution of both generation and use of energy is very uneven
across regions and across countries.

* https://doi.org/10.1108/INMR-02-2018-003
2 iea.org/d: d-statisti istics-data-
browser /ORLD!

Rua Anfiléfio de Carvalho, 29 - 32 andar — Centro. Rio de Janeiro — RJ, Brasil. CEP.: 200030-060
Tel.: +55 21 3907-8100 | Email: abc@abc.org.br

CLEAN ENERGY TRENDS IN BRAZIL

For a sustainable and socially fair future, the global energy scenario requires changes
that demand planning, financial resources, technological developments and public
policies on different fronts. From the perspective of Brazil, some trends are listed below.

Decarbonization

The predominance of the use of fossil fuels in the world's electricity matrix justifies the
great concern that exists in the decarbonization of the electricity supply. Although Brazil
has an electrical matrix composed predominantly of renewable sources, thermoelectric
plants often operate to provide energy security in the electricity supply, and emit large
amounts of GHG.

Additionally, due to its large territorial extension, there are regions that are not part of
the Brazilian interconnected electricity system. In the Amazon region, for example, there
are a large number of locations where electricity is supplied by thermoelectric units that
operate with diesel oil and emit large amounts of GHG. The supply of fuel to these plants
in general involves complex transport logistics and high costs.

In both circumstances mentioned above, the use of hybrid systems with solar PV and/or
wind generation together with energy storage, either through hydrogen or
electrochemical storage, offers a viable alternative.

Additional decarbonization alternatives include: i) the capture and storage of CO2
originating from ethanol production and which is vented to the atmosphere by
fermentation vats, BECCS (Bio-energy Carbon Capture and Storage); ii) CO2 storage
both in pre-salt oil reservoirs and in saline domes also in the pre-salt layer; iii) storage
in geological formations on land close to renewable fuel production plants.

Biomass

Brazil is a major producer of ethanol obtained from sugarcane. The production of second-
generation ethanol, E2G, produced from straw, leaves and sugarcane bagasse, has been
increasing. The production of 2G ethanol from other lignocellulosic plant biomasses such
as corn and sorghum, among others, is also on rise.

E2G is a biofuel made from leftover waste from the E1G manufacturing process and from
sugar, and its carbon footprint is 30% smaller than that of E1G. As E2G has the same
chemical composition as E1G, it is possible to increase its productivity by up to 50%,
without being necessary to increase the size of the planted area, since additional
sugarcane is not needed to produce it.

There are several alternatives for the production of E2G and exploring different
technologies in a context of carbon capture and storage (BECCS - Bio-energy Carbon
Capture and Storage), can add greater competitiveness to Brazilian ethanol.

Rua Apfilgfig.de Carvalho, 29 - 3¢ andar - Centro. Rio de Janeiro — RJ, Brasil. CEP.: 200030-060
Tel.: +55 21 3907-8100 | Email: abc@abc.org.br

Captura e Armazenamento de Carbono

Table 1 — Energy matrix in percentage of total energy generation
World 20203, Brazil 2021#

Oil and derivatives 29.5%
Coal 26.8
Natural Gas 23.7
Biomass 9.8
Nuclear 5.0
Hydro 2.7

Others renewable

Prepared by:

Alvaro Prata (ABC)

Paulo Artaxo (ABC)

Julio Meneghini (USP)

Mauricio Tolmasquim (Petrobras)
Roberto Zilles (USP)

The contribution of Ricardo Ruther (UFSC) is gratefully acknowledged.

Wind

Biomass
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Geothermal
Waste

Tidal
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Cell Total Power and Energy Dissipation vs Volume Fraction Polarization Curves and Power Density Curves of Different Flow Fields

e
~

e
=

—m—Total Power  —@—Flow Energy Dissipation =] ‘ ‘

o

@ spiral A Serpentine l Optimized Topology

o

Flow Energy Dissipation

-
a
=
m
@
-
i

E
e
o
2
Qo
(a8

I
=
P—

0.4 0.5 0.6

i Volume Fraction

Cell Voltage [V]

Power Density [W/m?]

1500 2000 2500 3000

Average Current Density [A/m?] ’

Research Centre for
Greenhouse Gas Innovation




LABYRINTH SEAL DESIGN

Topology optimization Procedure

inflow
(Uinier) Main Flow

Labyrinth seal design for
Methane Compressors
Application

Objective function Diodicity

Compared to Traditional Model:
Less Leakage up to 50%
and More Efficient

» 3D

Rotation = 3000 rpm
Volume Constraint < 0.3



LABYRINTH SEAL DESIGN
Traditional Labyrinth Seals

Optimized Seal

(a) LS j“,l,,-“ ation (b) Teeth on stator (¢) Teeth on rotor
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Citacao Final

“A emergéncia climatica exige uma transformacdo urgente nas
matrizes energéticas e nos modelos de uso da terra... O Brasil tem
potencial para liderar essa transformacéo... contribuindo para um
futuro mais prospero e resiliente.”

— Carlos Gilberto Carlotti Jr, Reitor da USP e Julio Romano Meneghini,
Professor Titular da Escola Politécnica e Coordenador do RCGI. O
Estado de S. Paulo 10/08/2023.



Projetos:

https://www.usp.br/rcgi/programmes-and-projects/
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