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Abstract

The Energy Transition from fossil fuels to renewables is reshaping the countries’ energy
mix to reduce GHG emissions and cope with Paris Agreement goals until 2050. China, the
EU, and the USA are leading this race through new technology development, electrification
of its systems, and securing critical materials. The success of this change on a global scale
will depend to a large extent on how fast emerging countries will be able to keep pace and
accelerate their energy transitions, balancing their economic, social, and environmental issues.
In this context, Brazil could play an important role, not only with its natural resources and
renewable potential but also in promoting locally developed technologies mostly based on
bioenergy. This article aims at exploring Brazil’s development and potentialities in the
following technologies: (i) Hydrogen, (ii) Biofuel Cell, (iii) Sustainable Aviation Fuel (SAF),
(iv) Bioenergy with Carbon Capture and Storage (BECCS), (v) Sugarcane Ethanol, and (vi)
Solar Photovoltaic (PV). The methodology was based on a literature review and a Strengths,
Weaknesses, Opportunities, and Threats (SWOT) analysis for the above-mentioned
technologies.
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1. Introduction

As societies evolved in the last century, the standard of living is increasingly dependent
on the type of energy sources and the intensity of their use. This makes the current changes
required for the transition from fossil fuels to a more sustainable energy matrix a hefty
endeavor. To reduce anthropogenic Greenhouse Gas (GHG) emissions associated with the
climate emergency (Change, 2018) and cope with the Paris Agreement goals (Agreement,
2015) a conscious effort must be made to leave cheaper primary energy sources for a
renewable and overall, less abundant paradigm.

This issue is especially challenging for emerging economies that intended to use their
natural resources to ramp up industrialization and reach the development levels of more
affluent nations. Besides, specific socio-economic groups, such as poor and middle-income
households, can be affected by higher food and energy prices due to the phaseout of fossil
fuels and carbon taxation (Gambhir et al., 2018).

As developing countries now have their path restricted despite that rich countries were
able to develop without such constraints in the past, the concept of just transition emerged, to
balance environmental concerns with socio-economic goals. The Paris Agreement allowed
nations to establish Nationally Determined Contributions (NDCs), in which each nation can
outline its offering for the overall goal of GHG emissions reduction. Nations can assess and
define their priorities by considering local conditions and objectives. The capacity for
selecting the route for sustainability that balances socio-economic and environmental issues
has opened for nations a diverse range of technological opportunities. A well-adjusted
selection of climate change mitigating technologies can go beyond achieving its specific
environmental goal and instead of being a burden, it can promote social development and
economic growth.

This work focused on assessing opportunities for Brazil in the energy transition
framework taking into account natural resources potential and local-developed technologies.
It was also considered in this work the need for a more technology-focused approach instead
of merely feedstock and renewable energy exploitation strategy to avoid the current
international labor division based on the technological capability that limited Brazilian
development in the past and has shaped inequality and dependency between countries in
today’s global economy.
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2. Methodology

This work uses the set of climate technologies that are available and regarded as
applicable for Brazilian mitigation and adaptation efforts. It is important to stress that this
selection is not an exhaustive list of potential technologies that can be applied, but rather a
specific set selected at the authors’ discretion. A complete set of mitigation and adaptation
technologies can be found in the Technology Needs Assessment (TNA) Project of the United
Nations Framework Convention on Climate Change (UNFCC). In turn, the TNA Project takes
the Sustainable Development Goals (SDG) and the Paris Agreement as starting points to
define, by a local-based assessment, the technologies more suitable for a country’s specific
climate change situation (UNFCC, 2022). An official report on the Brazilian climate
mitigation action plan (MCTI, 2021), based on the TNA and sanctioned by the Brazilian
Government, and the United Nations Environment Programme (UNEP), was published in
2021 and also, Da Silva et al. (2022) have published the study on this assessment.

For this work the criteria for the selection of technologies were: (i) energy-related
technologies, (ii) that take advantage of Brazilian’s natural resources, and (iii) can be applied
and have the potential to improve Brazilian’s current technological framework. After an initial
evaluation that determined plenty of candidate technologies that meet the criteria, Six
technologies were chosen for a more detailed examination.

The technologies were assessed by literature review regarding socio-economic,
technological, and application potential for Brazil. Finally, a Strengths, Weaknesses,
Opportunities, and Threats (SWOT) analysis was used for each technology to summarize and
offer some insight considering the prospect of adoption of the referred technologies in Brazil
to promote a tailor-made strategy for Brazil in its energy transition process.

3. Technologies Review

The technologies chosen for the evaluation of this work are (i) Hydrogen, (ii) Biofuel
Cell, (iii) Sustainable Aviation Fuel, (iv) Bioenergy with Carbon Capture and Storage, (V)
Solar Photovoltaic, and (vi) Sugarcane Ethanol. In the next sections, these technologies are
examined in detail.

3.1. Hydrogen

Hydrogen is the simple and the most abundant element in the universe. Although rarely
found on Earth in molecular form, it is present in compounds like water, fossil fuels, and a
variety of biomasses. As a fuel, it is considered an intermediary source of energy, or energy
vector, which needs to be separated from other elements, stored, and transported to be useful.

One of the main advantages of hydrogen as a fuel is that it has clean use, when consumed
in a fuel cell, having as byproduct only heat and water. On the other hand, producing
molecular hydrogen is a very energy-intensive process. It can be obtained mainly through
methods such as Electrolysis, Steam Methane Reforming (SMR), Autothermal Reforming
(ATR), Partial Oxidation, Gasification, and Pyrolysis, with the possibility of use of Carbon
Capture and Storage (CCS) technology to reduce GHG emissions when it applies (Noussan et
al., 2020). Hydrogen can be classified under a color scheme to show its technological route
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which considers the feedstock, the energy source, and the use of CCS (Guariero et al., 2022).
For instance, hydrogen produced in an electrolysis process uses water as feedstock and can be
Green (when it uses renewable energy), Pink (when it uses nuclear energy), or Yellow (when
it uses mixed energy from the grid). These hydrogen routes do not have direct GHG emissions
in their production process, although Pink hydrogen has as byproducts the nuclear waste, and
Yellow hydrogen has to account for indirect emissions from the energy source used. When
hydrogen is produced through the SMR, ATR, partial oxidation, or gasification routes it can
be Muss (when it uses biogas or biomasses as feedstock), Gray (when it uses natural gas),
Brown/Black (when it uses oil or coal), or Blue (when CCS is applied). The Muss, Gray and
Black/Brown hydrogen classifications have GHG emissions in their production processes,
although with an energy cost penalty, those emissions can be significantly reduced by the use
of CCS, and the hydrogen is renamed Blue. Finally, hydrogen produced in a Pyrolysis process
uses natural gas as feedstock and is called Turquoise hydrogen. It does not have direct GHG
emissions, producing as a byproduct solid carbon. However, emissions in the Pyrolysis
process may exist due to the energy source used (Akaev & Davydova, 2021; Noussan et al,
2020).

The hydrogen processing and supply chain is long and complex and includes multiple
steps which translate into a low Energy Return On Energy Invested (EROEI). Hydrogen
transport requires significant energy costs, either to compress, liquefy, or convert to ammonia
or another carrier. It is also possible to transport it through hydrogen-designed pipelines or to
blend hydrogen in existing natural gas grids, however, costs and safety must be addressed due
to hydrogen’s natural properties. (Noussan et al, 2020).

Strategic approaches for building a new energy paradigm based on hydrogen have been
developed over the world in the last few years. Between 2017 and 2021, the Europe Union,
Australia, Canada, Chile, Japan, Norway, South Korea, and other nations introduced their
expansion plans for hydrogen production and use for the next decades (Akaev & Davydova,
2021). In turn, in July 2021 Brazil created its Hydrogen National Program that aims to
promote the technology and position the country competitively on the international stage. The
development principles adopted are based on valuing the national potential of energy
resources; being comprehensive in considering the diversity of energy sources and potential
for production, logistics, storage, and use of hydrogen; aligning the economy decarbonization
goal; encouraging the development of local-based hydrogen technology; establish a
competitive market, considering domestic demand and exports, seek synergies with other
countries; and integrate the hydrogen in the national chain of raw materials and production.
The steel, petrochemical, and fertilizer industries are identified as potential major consumers
of this new energy vector (MME, 2021a; Reset, 2022).

In the context of the energy transition from fossil fuels, some form of energy storage will
play an essential role, given the intermittence of renewable energy sources. Hydrogen
technologies with net-zero or low GHG emissions have made many advances and present
themselves as interesting solutions, although they are not yet at a stage of large-scale
implementation. New solutions using hydrogen that include storage, distribution, and use are
constantly being presented (Kovac et al., 2021). For the storage of low-cost energy generated
by renewable sources, hydrogen can be competitive with batteries (Armaroli & Balzani, 2016;
Pellow et al., 2015). This use can be an option for a combined renewable-storage system in
the absence of a more efficient combination (such as hydroelectric for storage). Besides, there
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are specific niches where hydrogen makes sense and can be used efficiently. The use of
hydrogen in fuel cells for maritime or heavy land transport is promising and is currently being
studied and tested. Also, hydrogen has applications in the steel, cement, petrochemical, and
fertilizer industries, as prices of net-zero or low GHG emission hydrogen become more
competitive.

Table 1 — Hydrogen SWOT analysis

SWOT Helpful Harmful

Strengths Weaknesses

e Water availability; e Lack of competitiveness as a

= e Renewable potential (green and vectors;
3 blue hydrogen); e Lack of specific distribution, and
= e Port infrastructure and basic storage infrastructure;

logistics; e Lacks of competitiveness in

e Hydrogen National Program; production technology;

e Technological and human resource e Complex and low maturity
capabilities in similar field (oil and technology.
gas sector).

Opportunities Threats

= e Cost reduction due to economies of e Absence of a significant consumer
g scale, and scope; market;

£ e Energy storage for renewable; e Climate change disrupts water

w e Exports to external markets; availability;

e Substitution of feedstock in the e Risk of become a commodity
steel, cement, petrochemical, export-oriented development.
fertilizer industries, and fuel in
maritime and heavy land transport.

3.2. Biofuel Cell

The electrification of transport has undergone major changes over the last decade with the
increasing insertion of Battery Electric Vehicles (BEVs) and Plug-in Hybrid Vehicles
(PHEVs) in fleets, especially urban ones. Despite the dominance of batteries in the expansion
of electromobility, restrictions related to the production chain of storage systems pose great
challenges in the long term. On a smaller scale, FCEVs (Fuel Cell Electric Vehicles) have
been gaining ground and have been on the market for about a decade, largely limited by the
lack of capillarity of hydrogen refueling stations (IEA, 2022).

Running behind the fuel cell hype, biofuel cells are at an earlier stage of technological
development and offer a great advantage as an alternative car propulsion technology in
countries that produce ethanol. The Solid Oxide Fuel Cell (SOFC) was developed to use
biofuels directly in the anode and allow the oxidation reaction.

In addition to having a low carbon footprint and contributing to the decarbonizing
transport sector, biofuel cells, based on SOFC technology, benefit from (i) the direct use of
biofuels, available in Brazil such as ethanol, without the need to produce and store hydrogen
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(if) potential vehicle weight reduction (iii) fast recharging (iv) use of the existing fuel
infrastructure (v) in comparison to the H2 cell, it uses lower cost materials to manufacture the
tank, for example of platinum (vi) efficiency gain and reduction of the technological
complexity of the process since it is not necessary to purify the synthesis gas.

As per (IEA 2022) emerging markets still need to catch up with the decarbonization of
the transportation sector,

“Broadening the deployment of EVs in these countries/regions face additional
challenges. For example, their stock may be heavily dependent on second-hand
vehicles with EVs becoming available with a time lag. Deployment of charging
infrastructure may be inhibited in regions with weak grids. Few have established
emissions standards, or they may be too low to serve as a driver to spur EV uptake”
(IEA 2022).

In this sense, biofuel cells can become a breakthrough technology to accelerate
transportation transition and therefore reduce emissions from light and heavy-weight vehicles,
especially in markets benefiting from ethanol production and existing infrastructure. In the
case of Brazil and other emerging economies, where the expansion of electromobility is still
limited, regulatory and development policies could be designed in a customized way to not
only efficiently promote leapfrog for a low carbon economy, but also leveraging on
competitive advantages to the detriment of a situation of external technological and
commercial dependence.

Studies presented by EPE (2018), show that a path to electromobility in Brazil could be
done smoothly, in the coexistence between hybrid, electric, and ICE vehicles, in which the
latter would have a long resilience due to the low prices. On the other hand, in a scenario of
strategic transition, public policies of full replacement could be adopted, using legal and
regulatory arrangements that allow the customization of the transition, with the use of biofuel
cell vehicles. In this context, biofuel cell development up to a commercial scale could
represent a great advance to a green economy but also an opportunity to promote qualified
economic growth.

In Brazil, the technology of SOFC using ethanol as fuel is in relative advance
development, with a proven technological concept and incorporating all electrode and cell
tests’. The next steps demand engineering and investment can be taken to industrial
production. Given this scenario, Brazil shall increase efforts in fuel cells powered by biofuels
as one of the champion technologies that would promote electromobility and favor its
endogenous comparative advantage from sugar cane ethanol production and infrastructure.

! Studies and tests at the Hydrogen Laboratory of COPPE/UFRJ are in TRL5.
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Table 2 — Biofuel Cell SWOT analysis

SWOT Helpful Harmful
Strengths Weaknesses
g e Large ethanol production; e Lack of financing for the
g e Infrastructure available; technology;
= e Large scale agriculture sector e Low progress on engineering and
with high competitiveness; production scale;
Higher efficiency than ICE; e Lack of electromobility strategy
e Succeed flex fuel strategy. and political support.
Opportunities Threats
e Accelerate electromobility e Electromobility dependency of
= process; mainstream technologies;
c e Customize electromobility e Risks associated with land use
£ strategy; change (due to ethanol);
w e Drive technological process and e Competition with Electric
export; Vehicles.
e Leverage on ethanol production
and infrastructure;
e Explore cooperation with China
and India.

3.3. Sustainable Aviation Fuel (SAF)

The aviation sector was responsible for 2.1% of global CO2 emissions in 2019 (ATAG
2020). Despite the low percentage, the trend is the sector’s recovery after the decline caused
by the COVID-19 pandemic. And to contain the increase in GHG emissions, ICAO 1
launched the CORSIA 2 program, whose objective is to achieve carbon-neutral growth
concerning the sector’s emissions considering the year 2020. One of the ways to reduce the
sector’s emissions is through the use of SAFs.

The generic name SAF represents a set of renewable fuels that have been studied and
developed with the aim of fully or partially replacing aviation fuels of fossil origin, especially
aviation kerosene. The SAF alternatives are drop-in types, not require adaptation of the
aircraft or its engines. These renewable alternatives can be produced from different feedstock
and through different technological routes.

The feedstock of aviation biofuel can be vegetable oils (from soybean or palm, for
example), animal fats, corn, sugar cane, municipal solid waste, wood residues, straw, residual
gas from industrial processes, and residues of plastics and tires, among others.

Technological routes for SAF production need to be able to produce a fuel with
characteristics similar to petroleum-derived aviation kerosene, especially given the
characteristics of high efficiency and low freezing point. To ensure properties like these,
SAFs are evaluated by ASTM International (American Society for Testing and Materials),
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which certifies the processes for converting biomass into biofuels to be used in commercial
aviation. According to ICAO (2021), 9 technologies had already been approved by ASTM by
October 2021.

Of these, 4 are the most consolidated and will be summarized below (Ng et al., 2021):

(i) Fischer Tropsch synthesis (FT) - the biomass is gasified into syngas. This gas is
converted by an FT synthesis process into liquid hydrocarbons.

(if) Hydroprocessed esters and fatty acids (HEFA) — use vegetable oils and animal fat in
hydroprocessing to formulate aviation biofuel. In this process, hydrocarbons are obtained
via hydrogenation, hydroisomerization, and hydrocracking until obtaining paraffinic
kerosene.

(iii) Alcohol-to-Jet (ATJ) — alcohol can be obtained from biomass via a thermochemical
or biothermochemical route. This alcohol can be transformed into aviation biofuel in two
pathways: (a) dehydration, oligomerization, and hydrogenation; (b) technology
developed by Exxon-Mobil to transform methanol into olefin and then into gasoline.

(iv) Hydroprocessing of Fermented Sugars (HFS) — route of biochemical conversion of
fermented sugars into synthesized iso-paraffin (SIP). The resulting hydrocarbon can be
mixed in a proportion of up to 10% of the fossil fuel.

It should be noted that, so far, the SAFs already approved are allowed to be mixed with
traditional fuel in a proportion of a maximum of 50% (ICAO, 2021). Another important
observation is that one of the main inputs of the SAF is hydrogen, so to reduce the carbon
footprint of this fuel, the ideal is that this hydrogen does not come from a fossil source.

Two of the major challenges for the production of SAF on a commercial scale are the
availability of good quality feedstock in sufficient amounts, infrastructure for the flow of
feedstock to the processing plants, and the cost structure of production, given that the existing
sustainable aviation fuels options still cost two to seven times as much as fossil fuel (Dodd &
Yengin 2021). Added to this is the fact that fuel is the most relevant cost item for airline
operators (Milanez, et al., 2021).

Brazil has the advantage of having a path already covered in the area of biofuels since
the1970s, with programs such as the National Alcohol Program, the National Program for the
Production and Use of Biodiesel (2005), and the National Biofuels Policy, RenovaBio (2017).
With this history, Brazil has established itself as one of the world’s largest producers of
ethanol and biodiesel (BP, 2022) and part of this existing infrastructure for biofuels can be
used for the production of SAF.

In addition to contributing to lower emissions, SAFs have the advantage of the possibility
to have almost no cost or environmental impact at the feedstock collection sites, depending on
which they are. However, SAF production in Brazil, as in the rest of the world, still faces
economic and environmental challenges. Therefore, the country’s first commercial-scale SAF
projects are still being developed to start production in 2023, such as the pilot plant in Parana,
the result of a partnership between the German Agency GIZ and the International Center for
Renewable Energy (EPBR, 2022). In addition, Petrobras announced this year the completion
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of the production test by co-processing fossil-based kerosene and vegetable oil, using existing
refining units, being the first test of this type in Brazil (EBC, 2022).

In 2021, the Roundtable on Sustainable Biomaterials (RSB) prepared a study to identify
potential feedstock in Brazil, focusing mainly on waste availability and strategic locations for
the production and consumption of SAF in the country. According to this report, the most
suitable materials for Brazilian conditions would be sugarcane residues - bagasse and straw -
and wood residues from eucalyptus cultivation, which are currently abandoned in the field
(RSB 2021). Through the FT and ATJ routes, the study concluded that Brazil has the potential
to produce around 9 billion liters of SAF per year, higher than the consumption of 7 billion
liters in 2019, the pre-pandemic period (ANP, 2022). The use of sugarcane bagasse and straw
and wood residues have the advantage of being alternatives that would not increase pressure
on land use and food production.

Nonetheless, for the development of this market in Brazil, public policies are needed to
provide a safe environment for investments. In an evolution towards a regulatory framework,
in 2022 the Ministry of Mines and Energy (MME) launched a set of premises for the future
SAF policy, within the scope of the Fuel of the Future program. Among the premises is that
the mandate will be based on the sector’s emission reduction targets (MME, 2022). This
reduction target will be 1% per year starting in 2027, the year in which CORSIA’s mandatory
emissions compensation regime begins. On the other hand, this set of assumptions also
signaled the possibility of Brazil importing SAF, which brings security to the demand side,
but insecurity to the supply side.

Table 3 — Sustainable Aviation Fuel Cell SWOT analysis

SWOT Helpful Harmful
Strengths Weaknesses
e Abundance of feedstock, as e Low maturity of regulation in
sugarcane residues and wood Brazil;
= residues, with close to zero cost e High cost production compared to
< and low emission at the fossil fuels.
= collection site;

e Large scale agriculture sector
with high competitiveness;

e Infrastructure established for the
production of biodiesel and
ethanol;

e Technological feasibility.
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Opportunities Threats
e Potential surplus can promote e Late engagement in SAF
T exports and lead world SAF development;
k5 production; e Inability to reach
5 e Decarbonize air transportation, competitiveness;
addressing mandatory phase of e If the green hydrogen industry
CORSIA in 2027, and the SAF industry do not
e Implement BECCS leading to evolve at the same pace;
negative emissions. e Risks associated with land use
change.

3.4. Bioenergy with Carbon Capture and Storage (BECCS)

The term BECCS refers to the concept of combining bioenergy applications (including all
forms of power, heat, and fuel production) with Carbon Capture and Storage (CCS). Since
biomass can withdraw and store atmospheric CO2, the gas released during biomass
conversion can be captured and stored permanently, thus depriving the atmosphere of CO2
(Torvanger, 2019).

The BECCS chain consists of three main processes (Arasto et al., 2014):

(i) Capture and separation of CO2 present in gas streams from stationary emitting sources
- can occur through several methods, such as absorption, adsorption, and membrane
capture (IPPC, 2005). CO2 capture can be applied to a range of technologies, like
dedicated or co-firing biomass in power plants, combined heat and power plants, ethanol
plants, biogas refineries, and biomass gasification plants (Torvanger, 2019).

(if) Transport of CO2 to the storage location, when necessary - In general, greater
efficiency in the transport of gases over medium and short distances is through pipelines,
however, depending on the conditions and scale of the projects, it can be carried out by
land or water transport (IPPC, 2005).

(iii) CO2 storage - can be done via some technological options: storage at great depths in
the oceans, mineral carbonation, and storage in geological reservoirs (IPPC, 2005).

Although the same technology from CCS is applied to BECSS, since biomass has
removed CO2 from the atmosphere during its growth process, BECCS can represent a
negative source of emissions. Also, as the flue gases generated from biogenic source plants
consist of almost pure CO2, CO2 capture can become less expensive and more efficient
compared to other processes (Arasto et al., 2014). The scientific frontier for the advancement
of CCS and BECCS technology is the development of methods to capture CO2 from sources.
There is ongoing research on the use of microalgae (Pratama et al. 2019), the development of
more efficient amines for absorption, and new adsorption methods and membranes. However,
there is currently no technological challenge for the implementation of BECSS, its biggest
obstacle is the economic viability - since carbon pricing is not consolidated - and the absence
of regulation.
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Most climate change mitigation pathways that limit global warming to 2 °C rely on
negative emission technologies, in particular BECCS. In the energy sector, CCS appears as a
key tool to mitigate CO2 emissions (IPCC, 2014). This view has been reiterated several times
by the IEA and IPCC (IEA, 2016; IPCC, 2018), noting that CCS should be used in
conjunction with other mitigation options. The biofuel production plants are an important
source of CO2 emissions, which makes the ethanol fermentation process an initial opportunity
to implement BECCS due to its low capture cost. As a major ethanol producer (second in the
world), Brazil is in a privileged position to develop this technological option (Tagomori et al.
2018), being another favorable condition the estimated extensive geological storage capacity
of the country, 2000 Gt of CO2 (KETZER et al., 2016).

In this context, da Silva et al. (2018) proposed an optimization methodology to estimate
the abatement costs of capturing and transporting fermentative CO2 from ethanol distilleries
to oil fields in Brazil. The results ranged between 32 and 87 US$/t CO2. Despite the good
conditions for BECCS development, the current scenario results in a high abatement cost
mainly due to the transport of CO2 from sources to sinks, which was mainly attributed to the
small scale of the distilleries, the low capacity factor of the pipelines related to seasonal
production of ethanol and the high capital costs of offshore pipelines.

The lack of specific legislation and economic incentives makes it difficult to advance
BECCS implementation. A new perspective for BECCS should emerge with carbon pricing
and the consolidation of a robust market and the insertion of public policies to reduce
emissions. Another discussion point is that the sustainability analysis and engineering
challenges for large-scale implementation of BECCS remain as a knowledge gap (Torvanger,
2019). Its biophysical feasibility, environmental effects, and impacts on biodiversity have
been a discussion, taking into account the intensive use of land, water, and nutrients (Hanssen
et al., 2020) with a special concern for the emissions related to land use change and food
security associated to biofuel production.

Despite the challenges to BECSS application in the currents situation, the perspective of a
developed carbon market and the biofuel Brazilian vocation, including the new technologies
development associated, make BECCS an important path to Brazil achieving its NDC target
once it figures as a critical share of the feasible negative emissions, providing benefits
globally to tackle the climate emergency. With the perspective of the development of new
technologies in the energy transition horizon that includes the increase in the production of
biofuels, the BECCS implementation is a very interesting technique to be developed with.

Table 4 — Bioenergy with Carbon Capture and Storage SWOT analysis

SWOT Helpful Harmful
_ Strengths Weaknesses
(441
= e Large ethanol production and e Small scale and spatial dispersion
= installed industry; of emission sources;
e Technological feasibility; e High cost of CO2 transportation;
e Large geological storage e Absence of regulation;
capacity. e Energy penalty.
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Opportunities Threats
e Cost reduction due to e Climate change disrupts water
s economies of scale, and availability;
k5 SCope; e Extremely dependent on regulation
' e Lead negative emissions and carbon market development .

market;

e Perspective of biofuel
demand increase;

e Biofuel international
attractiveness due to BECCS.

3.5. Solar Photovoltaic (PV)

Solar photovoltaic (PV) is a well-known technology among renewable energy sources.
They are made of photovoltaic cells, grouped in modules, which convert sunlight into
photovoltaic electricity. The whole system generally includes an inverter, and a controller and
can operate with a battery coupled (Sumathi et al., 2015). An important characteristic of those
systems is the variability and uncertainties of power generation due to the day/night cycle,
radiation’s dependence on latitude, weather conditions, and other issues.

In terms of GHG emissions, the PV system has no impact on the climate during power
generation; however, significant CO2 emissions can be accounted for when considering the
upstream production chain in a life cycle assessment. Constantino et al. (2018) demonstrated
that life cycle GHG emissions from PV solar systems are very dependent on the electricity
grid matrix from the country where the modules are produced. They also concluded that if
implemented in Brazil, a country with a low emissions electric power grid, the Chinese-
produced PV solar system would probably increase the emissions of the grid in a lifecycle-
based analysis. On the other hand, Pinto et al. (2020) found in their carbon life cycle analysis
that PV systems installed in northeast Brazil are beneficial to climate mitigation even if
manufactured in China. It corroborates with the previous study of Filho et al. (2016), although
they calculated that the mitigation would be 5 times greater if the PV was manufactured in
Brazil or installed off-grid in an isolated area.

Even though the divergence between studies, understanding the role of carbon footprint
in solar PV installed in Brazil is fundamental to elaborate public policies to meet the targets
committed towards NDC and selected SDGs. In addition to climate mitigation, solar PV
might present a high labor intensity and low consumption water footprint (IRENA & ILO,
2021; Mekonnen et al., 2015).

Since solar PV were developed, they have increased the range of sub-technologies used
and improved their system efficiency. Particularly in the last decade, these improvements
along with a mix of public policies provided significant cost reductions and a large expansion
in installed capacity worldwide (Elgamal & Demajorovic, 2020; Jean et al., 2015). The global
installed capacity increased from 72 GWp in 2011 to 848 GWp in 2021, led by China (39%)
and followed by the USA (11%), Japan (9%), India (6%), and Germany (4%). Brazil ranked
the tenth position reaching 1.7% of the world expansion in the period (IRENA, 2022). Despite
the PV installed capacity outlook, the production chain of PV systems is even more
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concentrated in China, where 80% of the polysilicon, 85% of the cells, and 75% of world PV
modules are manufactured (IEA, 2021).

The Brazilian PV net addition is not as expressive as the Chinese and the Indian ones,
nonetheless, the role of Brazil in solar PV expansion is soaring and reached the fourth
position in installed capacity added in 2021 (IRENA, 2022). The country’s size and latitude
ensure a great potential for solar PV energy presenting large available areas with high levels
of insolation. However, a lack of strategic public policies in Brazil is pointed out as a
disadvantage to the growth of this source compared with leading countries.

A significant encouragement in Brazil to invest in solar PV today is the distributed micro
and mini generation (DG) which enables the consumers to become also producers and transfer
to the grid the surplus generated energy to be compensated later. Although the DG is a great
incentive, Luna et al. (2019) analyzed the growth of Brazilian distributed generation and
concluded that regulatory improvements are needed to boost this market. They suggested
taxes reductions on equipment, allowing more flexibility to the consumer, and inclusion of a
DG requirement in housing programs.

Beyond the conventional system, an interesting emerging technology that Brazil would
have advantageous potential is the floating PV on water bodies which could be more efficient
than the conventional PV and reduce evaporation in reservoirs. Padilha et al. (2022) estimated
that the Brazilian technical potential of this technology would meet 16% of electricity demand
if 1% of total suitable areas were explored, however, they indicated the need for further
research for broader adoption of the technology.

In another study of opportunities and issues for the PV expansion in Brazil, Elgamal &
Demajorovic (2020) remarked that financial and fiscal incentives are very important to the
blooming of the PV source and highlighted that despite other countries, the renewable
peculiarity of Brazil’s electric power grid contributes to low motivation on increasing PV
installed capacity as a climate change mitigation measure. A well-established national PV
production chain would provide a gain in terms of climate change mitigation and induce this
increase, as the carbon footprint of modules could be reduced due to the lower emission factor
of the grid.

Upon the broad range of PV sub-technologies being produced, two main categories of
cells could be emphasized: the wafer-based cells, including the crystalline silicon cells that
corresponded to about 95% of the PV market share in 2021; and the thin-film cells which
corresponded to the other 5% (Fischer et al., 2022). Several studies seem favorable to Brazil
investing in a PV national production chain either because of carbon footprint reduction or
because the country has a huge stock of quartz minerals from which silicon could be obtained
(Constantino et al., 2018; Filho et al., 2016; Moehlecke & Zanesco, 2012; Pinto et al., 2020).
On the other hand, some organizations believe that the high investments needed, and the
complexity of the solar-grade silicon processing are large barriers that could be only
surpassed with a huge subsidy. In a reasonable scenario with large internal PV market growth,
it would be less challenging to gain scalability and sustain a national production chain and
expand internal R&D projects in the sector. In any case, an intermediate alternative suggested
is the importation of cells and investments in the local assembly capacity of the modules
(Elgamal & Demajorovic, 2020).
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Table 5 — Solar Photovoltaic SWOT analysis

SWOT Helpful Harmful
Strengths Weaknesses
‘_E" e No emission from power e High variability and uncertain
2 generation; generation;
= e Low cost generation; e Fragmented public policies.
e Large available areas with high
insolation;
e Availability of quartz minerals.
Opportunities Threats
e Job creation to address a PV e Concentrated global production
= module supply chain; chain — dependence on China
c e Reduction of water losses in subject to other disruptions
£ reservoirs and no land (demand, exchange rate);
w competition whether is a floating e Difficulties related to market and
system; scalability.

e Develop a local supply chain;
e Local production would reduce
carbon footprint in life cycle

assessment.

3.6. Sugarcane ethanol

Ethanol production can be done from several biomass types. The U.S., for instance, the
biggest global producer, does it from corn. In Brazil, the second biggest producer, ethanol is
made from sugarcane, already been cultivated in the country since the colonial periods
(Bortoletto & Alcarde, 2015).

Sugarcane ethanol motor vehicles, however, began to gain importance in Brazil in the late
70's, after the first oil crisis impacted the Brazilian economy. The development of this
industry was influenced by government policies aiming to reduce the foreign oil products
dependency with the ProAlcool Program, launched in 1975. After some phases, this program
lost relevance, mainly after oil prices lowered on the international market. Only at beginning
of this millennium, with the introduction of flex-fuel vehicles, ethanol gained relevance once
again on the national energetic matrix. Currently, most of the Brazilian light vehicle fleet is
from this kind of vehicle, able to run with any ratio of gasoline and ethanol (Rosillo-Calle &
Cortez, 1998; Soares & Junior, 2021; Alcarde, 2008; Alves, Franco, Zanetti, & Goes, 2021).

Environmental and political pressures faced by the automobile industry in the last
decades forced it to invest in technological changes to reduce its emissions. The use of
biofuels, such as Brazilian ethanol and the introduction of flex-fuel vehicles, took an
important role in this process. However, restricting access to biofuels oriented the industry to
pursue other solutions, such as hybrid and electric vehicles, leaving biofuels a restricted role
in future climate ambitions (Gongalves, 2017).
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For the Brazilian scenario, however, biofuels, mostly ethanol, still present some
important advantages. In 2019, it was introduced a new federal policy called RenovaBio,
aimed at promoting the expansion of biofuel production and contributing to energy security,
market predictability, and emissions mitigation. This policy justifies by Brazilian history and
biofuel production competitive advantages, mainly sugarcane ethanol if compared to U.S.
corn ethanol (Gongalves, 2017; Barbosa, Szklo, & Gurgel, 2022; MME, 2019).

According to Barbosa et al. (2022), Brazilian sugar-energy companies have been crossing
a very challenging economic period. Although revenues increased, return margin decreased
due to low prices and intense competition, resulting in increasing companies’ debts. This led
to a merging and acquisitions movement, intensified by economic issues due to the Covid-19
pandemic, besides low R&D investment. Still, according to the authors, deforestation in
Brazil could also bring losses to the sugar-energy industry by creating a negative image even
though sugarcane production does not occur in an illegally deforested area.

First-generation ethanol (1G ethanol) production from molasses, grains, or starchy is a
well-established and mature process. Besides, in Brazil, sugarcane farming can be managed in
a complementary way with food production by crop rotation. To enhance even more
productivity in the sugar-energy sector, RenovaBio also aims to promote second-generation
ethanol (2G ethanol) from sugarcane bagasse, a residue from 1G ethanol and sugar
production. Despite still existing several technological and economic challenges to overcome,
the development of biorefineries to produce biofuels, such as 2G ethanol, biochemicals and
biomaterials has shown promising. Indeed, India is also looking up for 2G ethanol production
to boost its mandate of ethanol in the gasoline mix over the last years. (Chandel, et al., 2019;
MME, 2019; Barbosa, Szklo, & Gurgel, 2022/ Mookherjee, 2022).

Noticing the low investment level on R&D in last years, the federal government launched
a new program in 2021 called "Fuels of the Future"”, aiming to promote the development of
advanced biotechnologies, such as ethanol fuel cells, previously approached. Thus,
electromobility, at the same time could be seen as a threat to ethanol as fuel of low emissions
vehicles, also could represent an opportunity since ethanol fuel cells gain relevance and
market share in the electric fleet (MME, 2021b; Barbosa, Szklo, & Gurgel, 2022).

Table 6 — Sugarcane ethanol SWOT analysis

SWOT Helpful Harmful
Strengths Weaknesses
= e Large flex fuel fleet; e High sector companies debt;
GEJ e Established distribution and e Low investment returns;
= commercialization e Low R&D investment.
infrastructures;
e 2G ethanol from bagasse;
e Higher productivity compared
to US corn ethanol.
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Opportunities Threats
e RenovaBio incentives to e Risks associated with land use
expand production; change;
S e Direct ethanol (Biofuel cell); e Loss of companies’ intangible
b5 e Fuels of the Future Program value due to deforestation;
I (drop-in solutions); e Electromobility deleverage
e Biofuel international biofuel potential;
attractiveness due to BECCS; e Low gasoline prices;
e Complementarity with food e Competition with sugar market.
production.
e Increase in ethanol mandates in
other countries.

4. Conclusions

The transition to sustainable societies based on renewable energy sources is a long road
on which nations will continue in the coming decades. This road will be paved not only by the
multiple technological advances required for its success but, also by the willpower of the
international community to act in time and with the intensity required. However, the route on
which it will happen is not defined yet. Beyond the various environmental implications of the
transition, the priorities defined for the current and future socio-economic issues are
paramount. In that sense, disregarding a just transition path that guarantees emerging and
affluent countries specific needs and a more equal outcome, can lead to an ethically
questionable destination.

Although current social-economic issues, Brazil has the potential to assume a leading role
in this effort. When we analyze the six technologies selected, it is clear Brazil can take
advantage of its strong potential in the agriculture sector. This grants competitive and
comparative advantages on an energy transition pathway based on biofuels. It is important to
highlight that the country has a proven track record in promoting a quick and effective
transition when implementing ethanol development policies. All the biofuel-related
technologies such as ethanol, biofuel cell, SAF, and BECCS can profit from the strengths in
this area such as mainly the production capacity and the existing infrastructure. Furthermore,
this sector can maintain current jobs and create new ones based on green industry
development. Technologically, mainly Biofuel Cell, SAF, and BECCS still require R&D
investment to promote commercial feasibility. One aspect to be improved in the biofuel topics
is an integrated state strategy addressing the full spectrum of biofuel, and its role in the
Brazilian energy transition, including public policies and regulations.

Similar to the ethanol case, Brazil also had in the past a fast industrial development based
on government policies and still possesses base industries relevant to the mitigation and
adaptation efforts. Hydrogen can have an important role in that regard. Despite, the poor
performance as an energy vector and the low technology maturity being a large obstacle to be
overcome, hydrogen has potential applications as substitute feedstock in the steel, cement,
petrochemical, and fertilizer industries in Brazil. In this context, the National Council of
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Energy Policy issued a National Hydrogen Program that defines the hydrogen industry among
the priority topics for R&D investment. However, an in-depth and integrated assessment must
be prioritized since according to the paper review the intent was not to serve an endogenous
demand of Energy Transition but mainly in a commodity export-driven approach.

In the PV arena, it is clear that Brazil possesses very favorable insolation levels that have
been translated into a significant expansion in the energy matrix of solar power. It is
important also to identify that the country has one of the largest reserves of mineral quartz
which could open room for the development of the PV solar panel supply chain). The creation
of a local supply chain would benefit the country’s renewable expansion, promote
industrialization, creation of income and, jobs and support the PV supply chain
deconcentrating from China. However, obstacles such as markets and scale of production
need to be further analyzed

In an assessment of external factors, Brazil presents an appealing opportunity to lead the
Energy Transition as far as biofuel development, exploring technologies such as (i) biofuel
cells and customizing the decarbonization of its transportation sector, (ii) boosting BECCS
and promoting negative emissions, (iii) developing SAF and positioning itself as a frontrunner
in CORSIA agreements and hard to abate sectors, and also (iv) keep expansion of second
generation ethanol from bagasse. Challenges intrinsic to biofuels are related to Land Use
Change and Climate Change Adaptation and Mitigation. Further studies should be carried out
in this sense. Important also to mention that the risk of deforestation of Amazon and other
Brazilian biomass must be detached and controlled to have balanced development in the
biofuel industry.

Last but not least, structured cooperation among BRICS countries exchanging
potentialities in the scope of the Energy Transition could enhance possibilities of win-win
solutions via technology transfer partnerships, increase trade among members, and support
other emerging economies in the transformation to a lower emission paradigm.

5. Acknowledgements

This study was financed in part by the Coordenacéo de Aperfeicoamento de Pessoal de
Nivel Superior — Brasil (CAPES) — Finance Code 001.

Julia Paletta Crespo thanks to financial support from the Human Resources Program of
the National Agency of Petroleum, Natural Gas, and Biofuels - PRH-41/ANP (in Portuguese),
supported with funds from the investment of oil companies qualified in the R&DI Clause of
ANP Resolution 50/2015.

REFERENCES

Agreement, P. (2015). Paris Agreement. In Report of the Conference of the Parties to the United
Nations Framework Convention on Climate Change (21st Session, 2015: Paris). Retrived December
(Vol. 4, p. 2017). HeinOnline.

Akaev, A. A., & Davydova, O. I. (2021). Mathematical Description of Energy Transition
Scenarios Based on the Latest Technologies and Trends. Energies, 14(24), 8360.



\\"i‘l

Y Dut
A \ e South Afri By
Q!B%ﬁﬁ% é\ L } BEIUCS Tf:ilﬁaknTank -« e L

< UNICAMP

Alcarde, A. R. (2008). Do Proélcool ao Flexfuel, etanol migrou do Estado para o mercado. Visdo
Agricola, 8, 26-28.

Alves, L. Q., Franco, P. N., Zanetti, W. A., & Gées, B. C. (2021). Desempenho da producdo da
cultura da cana-de-agUcar nos principais estados produtores. Revista Brasileira de Engenharia de
Biossistemas, 15(2), 303-317.

ANP, Agéncia Nacional do Petréleo. (2022). Anuério Estatistico Brasileiro do Petroleo, Gés
Natural e Biocombustiveis 2022. Agéncia Nacional do Petrdleo, Gas Natural e Biocombustiveis.

Arasto, A., Onarheim, K., Tsupari, E., & Karki, J. (2014). Bio-CCS: Feasibility comparison of
large scale carbon-negative solutions. Energy Procedia, 63, 6756-6769.
https://doi.org/10.1016/j.egypro.2014.11.711.

Armaroli, N., & Balzani, V. (2016). Solar electricity and solar fuels: status and perspectives in the
context of the energy transition. Chemistry—A European Journal, 22(1), 32-57.

ATAG, Air Transport Action Group. (2020). Available online:
https://www.atag.org/component/factfigures/?ltemid= (accessed on 10 August 2022).

Barbosa, P. I., Szklo, A., & Gurgel, A. (2022). Sugarcane ethanol companies in Brazil: growth
challenges and strategy perspectives using Delphi and SWOT-AHP methods. Biomass and Bioenergy,
158.

Bortoletto, A. M., & Alcarde, A. R. (2015). Dominante nos EUA, etanol de milho é opcéo, no
Brasil, para safra excedente. VisdoAgricola, 13, 135-137.

BP, British Petroleum. (2022). BP Statistical Review of World Energy.

Chandel, A. K., Albarelli, J. Q., Santos, D. T., Chundawat, S. P., Puri, M., &Meireles, M. A.
(2019). Comparative analysis of key technologies for cellulosic ethanol production from Brazilian
sugarcane bagasse at a commercial scale. Biofuels, Bioproducts and Biorefining, 13, 994-1014.

Change, P. C. (2018). Global Warming of 1.5 C. World Meteorological Organization, Geneva,
Switzerland, 10.

Constantino, G., Freitas, M., Fidelis, N., & Pereira, M. G. (2018). Adoption of photovoltaic
systems along a sure path: A life-cycle assessment (LCA) study applied to the analysis of GHG
emission impacts. Energies, 11, 1-28. https://doi.org/10.3390/en11102806.

da Silva, F. T., Carvalho, F. M., Correa Jr, J. L. G., Merschmann, P. R. D. C., Tagomori, I. S.,
Szklo, A., & Schaeffer, R. (2018). CO2 capture in ethanol distilleries in Brazil: Designing the
optimum carbon transportation network by integrating hubs, pipelines and trucks. International Journal
of Greenhouse Gas Control, 71, 168-183.

da Silva, F. T., Szklo, A., Vinhoza, A., Nogueira, A. C., Lucena, A. F., Mendonga, A. M., ... & de
Bittencourt, S. R. M. (2022). Inter-sectoral prioritization of climate technologies: insights from a
Technology Needs Assessment for mitigation in Brazil. Mitigation and Adaptation Strategies for
Global Change, 27(7), 1-39.

Dodd, Tracey, e DuyguYengin. (2021). Deadlock in sustainable aviation fuels: A multi-case
analysis. Transportations Reasearch: Part D 94.

EBC, Empresa Brasil de Comunicagéo. (2022). Petrobras conclui teste de produgéo de querosene
de contetdo renovavel. Available online:  https://agenciabrasil .ebc.com.br/geral/noticia/2022-



\\")‘I

Y  uDUT °
B ‘ ST South Afr 03
Aﬁ! %ﬁﬁ'\g d\ rorhe Humanmes N BRICS Think Tank & e

< UNICAMP

06/petrobras-conclui-teste-de-producao-de-querosene-de-conteudo-renovavel. (accessed on 10 August
2022).

Elgamal, G. N. G., & Demajorovic, J. (2020). Barriers and perspectives for electric power
generation out of photovoltaic solar panels in the brazilian energy matrix. Journal of Environmental
Management & Sustainability, 9(1), 1-26. https://doi.org/10.5585/ GEAS.V911.17157.

Filho, G. L. T., Rosa, C. A., Barros, R. M., dos Santos, I. F. S., & da Silva, F. D. G. B. (2016).
Study of the energy balance and environmental liabilities associated with the manufacture of
crystalline Si photovoltaic modules and deployment in different regions. Solar Energy Materials and
Solar Cells, 144, 383-394. https://doi.org/10.1016/j.solmat.2015.09.023.

Fischer, M., Woodhouse, M., Herritsch, S., & Trube, J. (2022). International Technology
Roadmap for Photovoltaic (ITRPV) - 2021 Results.

Gambhir, A., Green, F., & Pearson, P. J. (2018). Towards a just and equitable low-carbon energy
transition. Grantham Institute Briefing Paper, 26.

Gongalves, D. B. (2017). Perspectiva para o etanol brasileiro frente & evolucdo da tecnologia dos
motores. Revista de DesenvolvimentoTecnologico, X1X(3), 345-364.

Hanssen, S. V., Daioglou, V., Steinmann, Z. J. N., Doelman, J. C., Van Vuuren, D. P.,
&Huijbregts, M. A. J. (2020). The climate change mitigation potential of bioenergy with carbon
capture and storage. Nature Climate Change, 10(11), 1023-1029. https://doi.org/10.1038/s41558-020-
0885-y.

ICAO. Conversion processes. (2021). Available online:  https://www.icao.int/environmental-
protection/GFAAF/Pages/Conversion-processes.aspx. (accessed on 10 August 2022).

IEA. (2016). Energy Technology Perspectives: Towards Sustainable Urban Energy Systems. Int.
Energy Agency.

IEA. (2021). Solar PV manufacturing capacity by country and region. Available online:
https://www:.iea.org/data-and-statistics/charts/solar-pv-manufacturing-capacity-by-country-and-region-
2021. (accessed on 10 August 2022).

IEA. (2022). Global EV Outlook 2022: Securing supplies for an electric future. Available online:
https://iea.blob.core.windows.net/assets/e0d2081d-487d-4818-8¢59-69b638969f9¢/Global Electric
VehicleOutlook2022.pdf. (accessed on 10 August 2022).

IPPC. (2005). Carbon dioxide capture. In Advances in Chemical Engineering (Vol. 58).
https://doi.org/10.1016/bs.ache.2021.10.005.

IPCC. (2014). Summary for Policymakers. Clim. Chang 2014 Mitig. Clim. Chang. Contrib.
Work. Gr. 1ll to Fifth Assess. Rep. Intergov. Panel Clim. Chang. pp. 1-33. http://dx.
doi.org/10.1017/CB0O9781107415324.

IPCC. (2018). Summary for Policymakers. Global Warming of 1.5°C. An IPCC Special Report
on the impacts of global warming of 1.5 oC above pre-industrial levels., Global Warming of 1.5°C. An
IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/sirene/publicacoes/tna_brazil ~ /arquivos/pdf/relato
rio-de-avaliacao-de-necessidades-tecnologicas-para-implementacao-de-planos-de-acao-climatica-no-
brasil-mitigacao.pdfrelated global greenhouse gas emission pathways, in the context of strengthening
the global response to the threat of climate change,. https://doi.org/10.1017/CB09781107415324.



\\")‘I

Y  uDUT °
B ‘ ST South Afr 03
Aﬁ! %ﬁﬁ'\g d\ rorhe Humanmes N BRICS Think Tank & e

< UNICAMP

IRENA & ILO. (2021). Renewable energy and jobs - Annual Review. Available online:
www.irena.org. (accessed on 10 August 2022).

IRENA. (2022). Renewable Energy Statistics 2022. Available online: www.irena.org. (accessed
on 10 August 2022).

Jean, J., Brown, P. R., Jaffe, R. L., Buonassisi, T., & Bulovi¢, V. (2015). Pathways for solar
photovoltaics. Energy and Environmental Science, 8(4), 1200-1219.
https://doi.org/10.1039/c4ee04073b.

Ketzer, J. M. M., Machado, C. X., Rockett, G. C., & Iglesias, R. S. (2016). Atlas Brasileiro de
Captura e Armazenamento Geologico de CO2.

Kova¢, A., Paranos, M., & Marcius, D. (2021). Hydrogen in energy transition: A review.
International Journal of Hydrogen Energy, 46(16), 10016-10035.

Luna, M. A. R., Cunha, F. B. F., Mousinho, M. C. A. de M., & Torres, E. A. (2019). Solar
Photovoltaic Distributed Generation in Brazil: The Case of Resolution 482/2012. Energy Procedia,
159, 484-490. https://doi.org/10.1016/j.egypro.2018.12.036.

MCTI, Ministério da Ciéncia, Tecnologia e InovacGes. (2021). Relatério de avaliagdo de
necessidades tecnoldgicas para implementacdo de planos de acdo climéatica no Brasil: Mitigacéo.
Available online:. (accessed on 10 August 2022).

Mekonnen, M. M., Gerbens-Leenes, P. W., & Hoekstra, A. Y. (2015). The consumptive water
footprint of electricity and heat: A global assessment. Environmental Science: Water Research and
Technology, 1(3), 285-297. https://doi.org/10.1039/c5ew00026b.

Milanez, Artur, Guilherme Maia, Diego Guimaraes, e Cleiton Ferreira. (2021). Biocombustiveis
de aviacdo no Brasil: uma agenda de sustentabilidade. Revista BNDES: 361-398.

MME, Ministério de Minas e Energia. (2019). RenovaBio. Available online: https://www.
gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-biocombustiveis/renovabio-1#:~:text=
0%20RenovaBio%20%C3%A9%20uma%20pol%C3%ADtica,mercado%20e%20a%20mitiga%C3%
A7%C3%A30%20de (accessed on 10 August 2022).

MME, Ministério de Minas e Energia. (2021a). Combustivel do Futuro. Available online:
https://www.gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-biocombustiveis/
combustivel-do-futuro (accessed on 10 August 2022).

MME, Ministério de Minas e Energia. (2021b). Programa Nacional de Hidrogénio. Available
online: https://www.gov.br/mme/pt-br/assuntos/noticias/mme-apresenta-ao-cnpe-proposta-de-
diretrizes-para-o-programa-nacional-do-hidrogenio-pnh2/HidrognioRelatriodire trizes.pdf. (accessed
on 10 August 2022).

MME, Ministério de Minas e Energia. (2022). Estudo sobre governanca e politicas publicas de
incentivo a producdo de combustiveis sustentaveis de aviagao.

Moehlecke, A., & Zanesco, I. (2012). Development of silicon solar cells and photovoltaic
modules in Brazil: Analysis of a pilot production. Materials Research, 15(4), 581-588.
https://doi.org/10.1590/S1516-14392012005000084

Ng, Kok Siew, Danial Faroog, e Aidong Yang. (2021). Global biorenewable development
strategies for sustainable aviation. Renewable and Sustainable Energy Reviews.



\\"i‘l

Y Dut
A \ e South Afri By
Q!B%ﬁﬁ% é\ L } BEIUCS Tf:ilﬁaknTank -« e L

< UNICAMP

Noussan, M., Raimondi, P. P., Scita, R., & Hafner, M. (2020). The role of green and blue
hydrogen in the energy transition - A technological and geopolitical perspective. Sustainability, 13(1),
298.

Padilha, M. C. L., Nogueira, T., Santos, A. J. L., Branco, D. C., &Pouran, H. (2022). Technical
potential of floating photovoltaic systems on artificial water bodies in Brazil. Renewable Energy, 181,
1023-1033. https://doi.org/10.1016/j.renene.2021.09.104.

Pellow, M. A., Emmott, C. J., Barnhart, C. J., & Benson, S. M. (2015). Hydrogen or batteries for
grid storage? A net energy analysis. Energy & Environmental Science, 8(7), 1938-1952.

Pinto, M. A,, Frate, C. A, Rodrigues, T. O., & Caldeira-Pires, A. (2020). Sensitivity analysis of
the carbon payback time for a Brazilian photovoltaic power plant. Utilities Policy, 63, 1-9.
https://doi.org/10.1016/j.jup.2020.101014.

Pratama, P. D., Ananto, A. B., &Wara, A. D. (2019). Trimmed Carbon Capture and Storage
(TCCS) Technology Through Innovation Method Based on Microalga Use in Photobioreactors as
Planning Strategy for Mitigation of CO2 Gas Emissions in Oil and Gas Industry.

Reset, Capital Reset. (2022). Os planos do governo para o hidrogénio verde no Brasil. Available

online: https://www.capitalreset.com/os-planos-do-governo-para-o-hidrogenio-verde-no-brasil/
(accessed on 10 August 2022).
Rosillo-Calle, F., & Cortez, L. A. (1998). Towards ProAlcool Il - a review of the Brazilian

bioethanol programme. BiomassandBioenergy, 2, 115-124.
RSB. Disponibilidade de matéria-prima para combustivel de avia¢do no Brasil. 2021.

Soares, A. A., & Junior, J. C. (2021). O Brasil como grande player no mercado mundial de etanol.
Revista de Politica Agricola, XXX(3), 57-71.

Sumathi, S., Ashok Kumar, L., & Surekha, P. (2015). Solar PV and Wind Energy Conversion
Systems. In Green Energy and Technology. Springer International  Publishin.
https://doi.org/10.1007/978-3-319-14941-7.

Tagomori, I.S., Carvalho, F.M., da Silva, F.T.F., de C. Merschmann, P.R., Rochedo, P.R.R.,
Szklo, A., Schaeffer, R. (2018). Designing an optimum carbon capture and transpor- tation network by
integrating ethanol distilleries with fossil-fuel processing plants in Brazil. Int. J. Greenh. Gas Control
68, 112-127.

Torvanger, A. (2019). Governance of bioenergy with carbon capture and storage (BECCS).
Climate Policy, 19(3), 329-341. Available online: https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85055721714&d0i=10.1080%2F14693062.2018.1509044&partnerID=40&md5=32e79
4h9a21576d4e91ed31619163ed1. (accessed on 10 August 2022).

UNFCC, United Nations Framework Convention on Climate Change. (2022). TNA,
Technology Needs Assessment. Available online: https://unfccc.int/ttclear/tna. (accessed on 10
August 2022).



