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Green Energy Development and Cooperation among Emerging Economies - "I"I
China - Brazil Cooperation as an Example

Introduction

Emerging economies are increasingly committed to transforming their energy industries, as
capital and operation costs fall and strategies for renewable energy deployment become more
widespread.

To establish a green, low-carbon economy and energy system, peak carbon dioxide emissions
and achieve carbon neutrality is a major strategic decision taken by the Chinese government. By
2060, China plans to fully establish a green, low-carbon and circular economy and a clean, low-
carbon, safe and efficient energy system. In line with the UN Sustainable Development Goals
(SDGs), Brazil aims to ensure universal access to affordable and reliable energy services, and
at the same time increase the use of new sources of renewable energy and improve energy
efficiency.

Both China and Brazil have a long history of multiple policies to promote green energy.
International cooperation is an important and usual instrument for promoting energy transition and
ensuring sustainable energy supply for the two countries.

China has also developed a complete industrial system of renewable energy technology during
the past 10 years and renewable energy has become the principal source of the country’s newly
added installed generation capacity. Biomass is very relevant in the Brazilian energy mix. Biomass
products represents 31% of the primary energy consumption in Brazil. Since 1975, when Proalcool
was created, Brazilian public policies have stimulated the use of biofuels. The mandatory blending
of biodiesel with fossil diesel (10%, with a forecast increase) and of ethanol with gasoline (27%)
formed the basis for the great expansion of consumption and production of biofuels in Brazil.

China and Brazil have bright prospects for cooperation in the field of renewable energy. Brazil's
rich resource endowment, necessity to expand installed capacity and power grid, and favorable
market, legal, and policy conditions, aligned with China’s financial might and technological
capabilities, have created an ideal situation for the cooperation between the two countries.
Hydropower, nuclear, biomass, solar and hydrogen might be the most promising categories.
Through extensive cooperation based on respective comparative advantages, China and Brazil
could further improve the power generation capacity of green energy and promote the optimization
of energy mix in both countries. Leading-edge technologies, trade and investment related to raw
materials and equipment could be the key points. Also, there are opportunities in improving land
and sea logistics in order to promote trade and improve the availability of power equipment.

This report includes 5 chapters following this introduction. Chapter 1 introduces the background
and definition of green energy, as well its goals and policies in both China and Brazil. Chapter 2
highlights the green energy development and achievement in both countries. Chapter 3 discusses
the strengths and weakness of green energy development in respective sides. Chapter 4
discusses the potential areas of green energy cooperation between China and Brazil and Chapter
5 provides suggestions for further joint cooperation.
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1.1 Overview of Green Energy

1.1.1 Background

Energy is a key factor for sustainable development in economic, social and environmental
aspects. Growing population and higher income and consumption levels have elevated
energy demand, placing increasing burdens on the environment, especially on the global
climate (GIBSON, WILMAN, LAURANCE; 2017).

Fossil fuels (coal, petroleum and natural gas) are the dominant source of energy. They
represent almost 85% of today’s world primary energy demand (BP, 2021). Energy production
accounts for 76% of global greenhouse gas emissions (WRI, 2022). In order to mitigate climate
changes, a major shift in energy use is required, towards renewable and sustainable sources
of energy (SEN, GANGULY; 2017). As of 2016, 176 countries have set targets to obtain certain
proportions from so-called “green” energy sources (GIBSON, WILMAN, LAURANCE; 2017).

According to the Intergovernmental Panel on Climate Change (IPCC), in 2050, 80% of the
electricity in the world should be generated from low carbon sources; in 2020, it is around
28% (added hydroelectric and renewable) (BP, 2021). To achieve the goals proposed at the
21st United Nations Climate Conference (COP21) including the maximum increase of 1.5°C in
the average temperature of the planet, the business models and investments in energy and
the necessary adaptations depending on the consequences of climate change, require a low
carbon energy mix.

The rapid expansion of solar PV and wind over the past decade has resulted in global CO,
emissions from electricity generation growing by only 9%, although electricity demand has
experienced a 25% increase. Renewable energy technologies collectively met nearly 65% of
the growth in electricity demand over the decade (IEA, 2021). The increase in the participation
of these sources in the electrical dispatch causes the displacement of other plants, such as
coal and natural gas.

Following the financial crisis of 2008, policies were first introduced to create “green” jobs as
a means to reduce unemployment (Markandya et al., 2016). In 2009, the American Recovery
and Reinvestment Act was passed and the stimulus package included a ‘clean energy’ or
‘green’ component of between US$ 67 and US$ 112 billion, which represented approximately
0.7% of GDP. Along with this stimulus package, President Obama announced clean energy
goals for the US. One of these goals was to double the installed capacity of renewable energy
generation by 2012 and create over 300,000 jobs. Another goal was to increase domestic
manufacturing capacity for renewable energy and provide jobs in renewable energy supply
chains. However, it was acknowledged that it will take considerable outreach to make the
opportunity to work in a green job widely available. Then, the stimulus package included
training programs as a pathway to renewable energy and other green jobs (MUNDACA,
RICHTER; 2015).
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The European Union has recently presented the Green Employment Initiative, a funding
mechanism aimed to help Member States with employment opportunities and challenges
in the transition to a greener economy. Besides that, the European Union has adopted the
energy and climate framework for the year 2030 with the aim of reducing greenhouse gas
emissions by 40%, a binding target to boost the share of renewables to at least 27% of energy
consumption, and a 27% improvement in energy efficiency (MARKANDYA et al., 2016).

According to IEA (2021a), the emergence of a new energy economy requires appropriate
government policies and technological innovation, and it has become a major new sector for
investments and employment. In addition, IEA (2021a) stresses that international collaboration
is needed for accelerating knowledge transfer and supporting rapid diffusion of new
technologies.

In general terms, government support policies have been central in the global increase of
renewable energy investments. Renewable energy support policies have continued to expand
across all regions, and nearly all countries now have at least one renewable energy target.
Besides that, the number of countries promoting renewables through direct policy support
has tripled, from at least 48 in 2004 to at least 147 by 2017; more developing and emerging
countries continue to adopt renewable energy targets and policies. Renewable energy targets,
which serve as a principal way for public and private actors to demonstrate a commitment to
the energy transition, range from official government announcements to codified plans with
fully developed metrics and compliance measures. Besides that, targets also vary in focus,
from a single technology or sector to economy-wide approaches (IRENA, REN 21, IEA; 2018).

However, the overall benefits of renewable energy technologies are often not well understood,
leading to such technologies often being assessed as less cost-effective than traditional
technologies. For renewable energy technologies to be assessed comprehensively, all their
benefits must be considered. For example, many renewable energy technologies can provide,
with short lead times, small incremental capacity additions to existing energy systems and
it is important to consider that such power generation units usually provide more flexibility in
incremental supply than large devices like nuclear power stations (DINCER, ROSEN; 2005).

In general, despite the significant increase in renewable energy deployment over the past
decade, propelled by the numerous drivers and players advancing renewables and efficiency
and the steady increase in support policies and targets, renewables are still far from being
fully integrated into the larger energy system (IRENA, REN 21, IEA; 2018).

Emerging economies are increasingly committed to transforming their energy industries, as
capital and operation costs fall and strategies for renewable energy deployment become
more widespread. China, for example, since 2009 has become the largest developer of
renewable power and heat (IRENA, REN 21, IEA; 2018).

UNCTAD (2017) emphasizes the important role that renewable energy can play in emerging
economies. More specifically, considering commodity-dependent countries, it states
that sustainable management of the commodity sector can foster economic growth while

9
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promoting employment, fiscal revenues and infrastructure development. Some of the goals
associated with such agenda are: (i) to provide food and energy security; (i) to increase
resource efficiency and the use of renewable energy; (iii) to promote industrial diversification
and adding value to commodities, and to support domestic technology development,
research and innovation. In order to achieve these goals, cooperation and collaboration
among governments, as well as private sector and civil society will be of crucial importance.

1.1.2 Definition

The energy sector is the source of approximately three-quarters of the current greenhouse
gas emissions today and holds the key to averting the worst effects of climate change,
perhaps the greatest challenge humankind has faced (IEA, 2021a).

Zarnikau (2003) defines green energy as the electricity generated by renewable energy
sources, and including technologies such as photovoltaic solar panels, biomass projects,
geothermal projects and wind farms. Besides that, the usage of green energy sources for
electricity generation involves zero greenhouse gas emission, thereby offering a lasting
solution to climate change. Chernysheva (2019) understands that green energy includes
any sector that promotes the reduction of CO, emissions. According to that definition, green
energy includes solar, wind, hydro energy as the dominant sectors, as well as geothermal and
tidal energy production, and the construction of infrastructure for these industries.

Mohanty (2012) distinguishes three generations of green energy technologies. The first
generation technologies include, for example, hydropower, geothermal and biomass
combustion. Second-generation technologies are e.g. solar heating and cooling, solar photo-
voltaic, and wind power; third-generation technologies are biomass gasification, bio-refinery,
geothermal and ocean/marine energy - tidal, waves, ocean thermal differences.

According to Omer (2008), sustainability has been defined as the extent to which progress
and development should meet the needs of the present without compromising the ability of
the future generations to meet their own needs. However, since all energy resources lead
to some environmental impact, increased efficiency can somewhat alleviate the concerns
regarding environmental emissions and their negative impacts. Efficiency increases when
less resource is used and less pollution is generated for the same services or products levels
(DINCER, ROSEN; 2005).

For IEA (2021a), renewable energy technologies are key to reducing emissions from electricity
supply, at a global level. Hydropower has been a leading low-emission source for many
decades, but it is mainly the expansion of wind and solar that triples renewables generation
by 2030 and increases it more than eight times by 2050 in the net zero emission scenario.
Besides that, renewables play an important role in reducing emissions in buildings, industry
and transport, and can also be used either indirectly, via the consumption of electricity or
district heating that was produced by renewables, or directly, mainly to produce heat. In
transport, renewables play an important indirect role in reducing emissions by generating
the electricity to power electric vehicles. They also contribute to direct emissions reductions
through the use of liquid biofuels and biomethane.

10
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According to IRENA, REN 21, IEA (2018), biofuels are primarily used in road transport, but can
also be used for rail, shipping and aviation. Using low-level blends with conventional energy
infrastructure and vehicle fleets, biofuels can power the existing transport system. High-level
blends often require adjustments in engines and fuel distribution infrastructure.

1.1.3 Literature Review

Sen and Ganguly (2017) consider that energy quality is an important factor for the
development process. To achieve sustainable development, continuous flow of clean and
secure energy is required which has lower environmental impacts. In the same perspective,
Midilly, Dincer and Ay (2006) suggest that sustainable development requires a supply of
energy resources that is sustainably available at reasonable cost and causes zero or minimal
negative societal impacts.

For Dincer and Rosen (2005), green energy resources and technologies are a key component
of sustainable development for three main reasons. First, because it generally causes less
environmental impact than other energy sources, and the variety of green energy resources
provides a flexible array of options for their use. The second point is that it cannot be
depleted. If used carefully in appropriate applications, green energy resources can provide a
reliable and sustainable supply of energy almost indefinitely. The third reason is that it favors
system decentralization and local solutions that are somewhat independent of the national
network, thus enhancing the flexibility of the system and providing economic benefits to
small isolated populations. In addition, the smaller scale of the equipment often reduces the
time required from initial design to operation, providing greater adaptability in responding to
unpredictable growth and changes in energy demand.

As per socioeconomic development, Sen and Ganguly (2017) emphasize that per capita
income is positively correlated with per capita energy use and so is Human Development
Index. Economic growth is the most important factor behind increasing energy demand and
consumption in the last decades. As the economy grows, the demand for more sophisticated
and flexible energy increases. Hence, economic growth has been associated with a shift from
burning conventional fuels to modern energy sources. This need has hugely been felt in the
developing countries, and the reliable energy is one of the requisites for human development;
it can contribute to income generation, increasing health and education quality, as well as
decreasing poverty levels. In addition, as these technologies are decentralized, they can play
an important role in rural development and the generation of new employment opportunities is
one of the most positive long-term effects in developing and developed countries.

Dincer and Rosen (2005) suggest that renewable energy technologies can provide cost-
effective and environmentally beneficial alternatives to conventional energy systems. Among
other benefits that make energy conversion systems based on renewable energy attractive,
supply cost becomes less susceptible to fossil fuel price fluctuations. Thus, cost estimates
can be made reliably for renewable energy systems and they can help reduce the depletion
of the world’s non-renewable energy resources; implementation is relatively straightforward;
they normally do not cause excessive environmental degradation and so can help resolve
major environmental problems - widespread use of renewable energy systems would certainly
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reduce pollution levels; they are often advantageous in developing countries. In fact, the
market demand for renewable energy technologies in developing nations will likely grow as
they seek a better standard of living (DINCER, ROSEN; 2005).

IEA (2021a) stresses the role of governments in the definition and implementation of
appropriate policies to encourage the use of renewable energies. In addition, public financial
institutions — such as international development banks — may play a crucial role in financing
investment, particularly in emerging economies.

1.2 Goals

1.21 China

To establish a green, low-carbon economy and energy system, peak carbon dioxide
emissions and achieve carbon neutrality is a major strategic decision taken by the Chinese
government. According to China’s Working Guidance for Carbon Dioxide Peaking and Carbon
Neutrality in Full and Faithful Implementation of the New Development Ph/‘/osophy® its main
objectives are as follows:

By 2025, China will implement a framework for a green, low-carbon and circular economy
that improves energy efficiency of key industries. Energy consumption per unit of GDP will be
lowered by 13.5% from the 2020 level; carbon dioxide (COZ) emissions per unit of GDP will
be lowered by 18% from the 2020 level; the share of non-fossil energy consumption will reach
around 20%.

By 2030, CO, emissions per unit of GDP will drop by more than 65% compared with the 2005
level; the share of non-fossil energy consumption will have reached around 25%, with the total
installed capacity of wind power and solar power reaching over 1,200 gigawatts.

By 2060, China plans to fully establish a green, low-carbon and circular economy and a clean,
low-carbon, safe and efficient energy system. Energy efficiency will be at the international
advanced level, and the share of non-fossil energy consumption will be over 80%. China
will be carbon neutral, and it will have achieved fruitful results in ecological civilization and
reached a new level of harmony between humanity and nature.

1.2.2 Brazil

Electricity generation in Brazil is mainly based on hydro power, that represents 60% of
Brazilian generating capacity (ANEEL, 2022). In the last decade (2012-2021), hydropower
accounted for 64% total electricity generated in the country (EPE, 2022). Large Brazilian
hydroelectric plants have reservoirs that can accumulate 213 TWh on total (ONS, 2022), which
is equivalent to 43% of electricity consumption in 2021 (EPE, 2022).

(D The National Development and Reform Commission (NDRC): https:/en.ndrc.gov.cn/policies/202110/t20211024 1300725.html.
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The popular use of biofuels in Brazil is evident in its light vehicle fleet: flexible fuel vehicles that
can use ethanol or gasoline in any proportion constitute around 95% of the sales new car and
represent 72% of the light vehicle fleet in 2016. As a result, 24 million vehicles can use pure
(unblended) ethanol (IRENA, REN 21, IEA; 2018).

As mentioned before, most of the energy generated in Brazil come from renewable sources,
particularly due to the importance of hydroelectric plants. However, Losekann and Hallack
(2018) stress that the expansion of hydroelectric generation faces growing costs and
restrictions. Therefore, Brazil must invest in new sources of renewable energy in order to fulfill
its energy needs without the need to expand fossil-based energy generation.

The diffusion of wind and solar energy in Brazil initiated latter than advanced economies.
However, wind and solar generating capacity have strongly expanded in the last decade.
Wind power capacity increased from 1.9 GW in 2012 to 20.7 GW in 2021. Solar generating
capacity was almost zero in 2012 (7 MW) and reached 13.7 GW in 2021.

Regarding wind energy, industrial policy requiring local content to access funding attracts
several suppliers to Brazil. The presence of these new manufacturers increases competition in
the wind generation sector, which reduces the investment per MW of installed wind generation
and decreases the cost of the produced energy. In 2013, 12 manufacturers were producing
wind turbines in Brazil for Europeans, Americans, Argentinians, and Brazilians. Brazil is self-
sufficient regarding wind turbines and the equipment used on wind farms. The consolidation
of renewable energy, particularly in relation to wind energy, is crucial for the continuity of long-
term financing. This financing supports the energy sector and the industrial sector, including
capital goods industry, which supports a potentially promising technology (DA SILVA et al.,
2013).

In line with the UN Sustainable Development Goals (SDGs), Brazil aims to ensure universal
access to affordable and reliable energy services, and at the same time increase the use
of new sources of renewable energy and improve energy efficiency. In order to attain such
goals, international cooperation is needed, particularly to facilitate access to clean energy
research and technology, and for the expansion of investments in energy infrastructure.

Miranda et al. (2021) consider that Green Technology has become an alternative strategy for
Brazil's sustainable and economic development. In general, Miranda et al. (2021) describes
that most studies in Brazil focus on Green Technology practices over products/processes/raw
material. These practices try to reverse some scenarios by improving sustainable processes.
In addition, the adoption of these practices allows results aimed at the use of alternative
sources of water and energy, as well as the possibility of correlating environmental legislation,
industrial improvements linked to innovation and improving the environmental performance
of organizations, and also the use of less productive processes, impacting environmentally,
socially, and economically.
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1.3 Policies
1.3.1 China

1.3.1.1 Relevant Laws and Regulations

The existing general laws and regulations on energy in China mainly include: the Production
Safety Law (2002) , the Law on Environmental Impact Assessment (2003) , the Law on
the Safety of Special Equipment (2014) , the Renewable Energy Law (2006) , the Mineral
Resources Law (1986), the Environmental Protection Law (2015), the Electric Power Law
(1996), the Coal Industry Law (1996), and the Energy Conservation Law (2008) v

China will remove the contents in existing laws and regulations that are incompatible with
the task of green energy and strengthen integration and coordination between laws and
regulations. In addition to conducting research on formulating a specific law on carbon
neutrality, China is expediting the revision of the Energy Conservation Law, the Electric Power
Law, the Coal Industry Law, the Renewable Energy Law, the Law on Promoting the Circular
Economy, and other laws to make relevant laws and regulations more targeted and effective.

China will improve standard and measurement systems for green energy. China will also
accelerate the upgrading of energy conservation standards and promptly revise a number of
mandatory national standards for energy consumption caps, compulsory national standards
for the energy efficiency of equipment and products, and project construction standards. It
will speed up to improve carbon emissions verification, accounting and reporting standards
for regions, industries, businesses, and products and establish a unified, well-regulated
carbon accounting system. China will take an active part in formulating relevant international
standards and ensuring domestic standards are consistent with international ones.

1.3.1.2 Fiscal Policies

China will promote the development of green and low-carbon financial products and services
in an orderly manner. It will develop monetary policy tools to support carbon emission reduction.
The green credit initiative should be included in a macro-prudential evaluation framework, and
guidance will be given to banks and other financial institutions on providing long-term, low-
cost capital to green and low-carbon projects. China will encourage development and policy-
backed financial institutions to provide continued long-term funding support for the goals
of peak carbon dioxide emission and carbon neutrality through market-oriented and law-
based means. China will support qualified enterprises in going public and refinancing for the
purpose of developing and running green and low-carbon projects, and will increase green
bonds. It will also carry out exploratory work on establishing a national fund for low-carbon
transformation. Non-governmental capital will be encouraged to set up green and low-carbon
industrial investment funds. China will establish and improve a sound system of standards for
green finance.

(D National Energy Administration: http://www.nea.gov.cn/nyflfg/index.htm.

14



Green Energy Development and Cooperation among Emerging Economies - "I"I
China - Brazil Cooperation as an Example

According to The Opinions on Improving the Institutional Mechanisms and Policy Measures
for the Green and Low-Carbon Transformation of Energy@ jointly issued by the National
Development and Reform Commission and the National Energy Administration in January
2022, China will improve the diversified investment and financing mechanisms that support
the green and low-carbon transformation of energy. China will further increase investment
and financing support for clean and low-carbon energy projects and energy supply security
projects. The National Green Development Fund and the existing low-carbon transformation
related funds should take the development and utilization of clean and low-carbon energy,
the construction of new power systems, and the green and low-carbon transformation of
fossil energy enterprises as key support areas. China will promote market-oriented investment
and financing of clean and low-carbon energy-related infrastructure projects, and study the
inclusion of clean and low-carbon energy projects in the pilot scope of Real Estate Investment
Trusts (REITs) in the infrastructure sector. The central financial funds are further inclined to
rural energy construction, using existing financial channels to support the construction of rural
energy supply infrastructure.

1.3.1.3 Tax Incentives

The State Taxation Administration issued the Guidelines for Preferential Tax Policies to
Support Green Development in May 2022 . In order to help the comprehensive green
transformation of economic and social development and implement the sustainable
development strategy, the state has implemented 56 preferential tax policies to support
green development in 4 aspects: supporting environmental protection, promoting energy
conservation and environmental protection, encouraging the comprehensive utilization of
resources, and promoting the development of low-carbon industries. The preferential tax
incentives includes: 50% of the value-added tax paid for wind power projects is eligible
for immediate refund after payment; the urban land use tax will be partially exempted for
hydropower and nuclear power stations.

1.3.1.4 Subsidy Policies

The renewable electricity price subsidy fund is a government fund established in accordance
with the requirements of the Renewable Energy Law, by raising funds in the form of collecting
funds from the electricity price, in order to support power grid enterprises to acquire
renewable energy generation such as photovoltaic, wind power and biomass. Renewable
energy power generation projects that enjoy subsidy for renewable electricity prices must
comply with national planning and be included in national scale management, comply with
electricity price policies, and generate electricity into the grid as required. At present, the
technology level of China's wind power, photovoltaic power generation and other renewable
energy power generation continues to improve, the cost continues to decline, as the basis
for competition with traditional energy, and gradually become an important force in the
transformation of China's energy mix . In the medium and long term, subsidies show a trend of
gradual decline. Among others, the wind power and photovoltaic power generation industries

(D http://www.scio.gov.cn/xwfbh/xwbfbh/wqfbh/47673/48000/xgzc48006/Document/1721203/1721203.htm.
(2) The State Taxation Administration: http://www.chinatax.gov.cn/chinatax/n810341/n810825/c101434/c5175740/content.html.
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have carried out pilot projects with no subsidy parity grid in 2019, and the subsidies of other
renewable energy power generation industries have also been gradually reduced in an
orderly manner. According to documents issued by the Ministry of Finance and other three
departments, starting from 2020, new offshore wind power and solar thermal projects will no
longer be included in the scope of central financial subsidies. Starting from 2021, for newly
registered centralized photovoltaic power stations, industrial and commercial distributed
photovoltaic projects and newly approved onshore wind power projects, the central
government will no longer provide subsidies.

1.3.1.5 Technology Policies

China will formulate an action plan to ensure science and technology to better support the
endeavor to peak carbon dioxide emissions, carbon neutrality and action plans as well as
to develop a technological roadmap to carbon neutrality. China will continue with the open
competition mechanism to select the best candidates to lead research on low-carbon,
zero-carbon and carbon-negative technologies and on new materials, technologies, and
equipment for energy storage. China needs to strengthen research on basic theories and
methods concerning the cause and impact of climate change, as well as on carbon sinks in
ecosystems. China must work toward breakthroughs in cutting-edge low-carbon technologies
such as high-efficiency solar batteries, hydrogen production from renewable energy sources,
controlled nuclear fusion, and zero-carbon industrial process re-engineering. China needs
to develop key national laboratories, national technological innovation centers, and major
scientific and technological innovation platforms for the research and development of energy-
saving, carbon-reducing, and new-energy technologies and products. China needs to
develop a talent pool for the task of peaking carbon dioxide emissions and carbon neutrality,
and to encourage universities and colleges to establish disciplines and majors relevant to
peak carbon dioxide emissions and carbon neutrality.

China needs to develop smart grid technologies that can support the smooth, large-scale
integration of wind and solar power into the grid. China must strengthen research and
industrial application of advanced energy storage technologies such as electrochemistry and
compressed air energy storage. China also needs to advance the research and large-scale
application of key technologies for hydrogen production, storage, and application. China
will promote energy-conserving and low-carbon technologies such as the energy cascade
utilization in industrial parks. The research and application of aerogel and other new materials
will be strengthened. China will advance research, demonstration and industrial application
of technologies of carbon capture, utilization and storage on a large scale. Steps should be
taken to establish sound systems for the assessment and trading of green and low-carbon
technologies as well as service platforms for scientific and technological innovation.

According to The Opinions on Improving the Institutional Mechanisms and Policy
Measures for The Green and Low-Carbon Transformation of Energy ® a major scientific

@D http://www.scio.gov.cn/xwfbh/xwbfbh/wqfbh/47673/48000/xgzc48006/Document/1721203/1721203.htm.
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and technological collaborative innovation system for clean and low-carbon energy is
established. It will give full play to the role of national laboratories in the field of energy, form
a market-driven energy technology innovation system led by national strategic scientific
and technological forces, and deepen integration of production, education and research,
as well as accelerate breakthroughs in a number of key technologies for clean and low-
carbon energy. It will support leading enterprises in the industry to jointly build a national
R&D and innovation platform in the field of energy by joining forces with colleges and
universities, scientific research institutes, and upstream and downstream enterprises in the
industry and will promote the sharing and optimal allocation of resources of various scientific
and technological forces. It will carry out joint research on key technologies such as basic
components, basic software, basic materials, and basic processes in the energy field; and
will implement collaborative innovation research on major energy science and technology. It
will strengthen the research and development of safety technologies related to new energy
storage, and will improve technical standards and specifications for equipment and facilities,
planning and layout, design and construction, and safe operation.

1.3.1.6 Talents and Policies

According to the Renewable Energy Development Plan during the 14th Five-Year Plan
per/od@ jointly issued by the National Development and Reform Commission, the National
Energy Administration and other seven central government departments in June 2022,
China will improve the talent evaluation and incentive mechanism, and will create a group of
internationally competitive scientific and technological talents and innovation teams. China
will increase the training and introduction of high-level talents; encourage all kinds of colleges
and universities to open renewable energy professional disciplines, and to cooperate with
enterprises in talent training; improve the mechanism for introducing high-end talents in the
field of renewable energy.

1.3.2 Brazil

Brazil has a long history of policies to promote green energy sources to electricity generation
and for transportation. Initially, the objective was energy security, given the limited reserves of
fossil energy.

In this sense, the Proalcool Program was instituted in the 1970s to deal with the effects of the
oil crisis, reducing imports of petroleum products. In 1975, Proalcool Program promoted the
use ethanol in light vehicles. More recently, policies to encourage biofuels were resumed with
environmental motivation. In 2004, Brazil has adopted a new framework of regulations and
legislation to support biofuels. Nowadays, the biofuel mandate requires standard gasoline
to contain 27% of ethanol and standard diesel to contain 10% biodiesel by 2019. Taxes on
biofuels are lower than on fossil fuels. Brazil is the second largest ethanol producer in the
world, producing approximately 30 billion liters per year.

D http:/www.ndre.gov.cn/xxgk/zcfb/ghwb/202206/t20220601_1326719.html.
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Beginning in 2018, the country has established the RenovaBio Program, that sets national
emission-reduction targets for the national fuel supply. Fuel distributors can meet these
targets by increasing sales of all biofuels (ethanol, biodiesel, and biomethane), which is
expected to lead to a significant increase in their production and use. Complementary laws on
ecological zoning, industrial activities, forest preservation and agricultural practices facilitate
the enforcement of sustainability.

The policy of diffusion of renewable sources for the generation of electric energy had the
Proinfa (Program of Incentive to Alternative Sources of Electric Energy) as a starting point in
2002. The program was based on commitments to purchase solar, wind and bioelectricity at
prices incentives (feed in rates). Subsequently, the auction system came into effect to promote
renewable sources.

For distributed generation, the net metering system is the mechanism used to stimulate the
diffusion of solar panels in households and businesses. The net metering program was
instituted in 2012 and the diffusion boom took place in 2016, with the drop in panel prices.

In 2022, the incentive regime for distributed generation was revised and, progressively,
subsidies will be eliminated.

The Brazilian nuclear energy program was boosted during the military governments in
Brazil, when the two nuclear power plants were built in Angra dos Reis, Rio de Janeiro. More
recently, expansion planning once again contemplated the completion of the third plant in
Angra and the construction of new plants in other locations.

1.3.2.1 Green Energy - related Laws

Currently, the most relevant set of laws to encourage renewable sources are the mandates
for the addition of biofuels, the RenovaBio program, the distributed generation framework,
auctions in the regulated electricity market aimed at renewables, and the discounts for
renewable generation in distribution and transmission tariffs.

The mandate for adding ethanol to gasoline is governed by Law No.1 9,478 of 1997. According
to the law, the government must define the percentage of ethanol between 18% and 27.5% of
gasoline. Currently, the mixture is 27%. Recently, Decree 10,940 of 2022 established that the
National Energy Policy Council (CNPE) is responsible for defining the mixing potential.

The National Program for the Production and Use of Biodiesel (PNPB) was created in 2004
and established a schedule for progressive blending of biodiesel in mineral diesel, starting
with 2%. Law 3,263 of 2016 established an increase of 1% each year until reaching 10%
in 2018 and gave power to the CNPE to define new increases up to the target of 15%. The
CNPE implemented a new schedule of increases of 1% per year until reaching 15% in 2023.
However, with the increase in diesel prices, resolution 16 of the CNPE of 2021 determined the
reduction of the percentage from 13% to 10% and postponed the schedule of new elevations.
The Law No. 13.576 of 2017 established RenovaBio, which is a government policy that seeks
to promote the use of biofuels through the sale of carbon credits to fossil fuel distributors.
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Regarding solar power, Law 14,300 of 2022 reviewed the ANEEL Resolution 482 of 2012, that
introduced the net metering scheme in Brazil. The new law reduces progressively the amount
of consumption that can be compensated by new distributed generation. It stimulated a rush
to install PV panels before the change in the rule of compensation.

Law No. 14,182 of 2021 implemented auctions for the regulated market, aimed at the demand
of electricity distributors. The law includes specific auctions for renewable sources, which was
very relevant for the dissemination of wind and solar energy.

Law No. 9,648 of 1998 established 50% discounts on transmission and distribution tariffs for
small hydroelectric power plants. Laws No. 10,438 of 2002 and No. 10,762 of 2003 extended
the discount to wind, biomass and solar sources.

Law No. 14,120 of 21 established that discounts on the distribution and transmission tariff for
new renewable projects will only be granted for another three years, when new renewable
projects will have the same treatment as conventional sources. It should be noted that the
discounts remain for the entire useful life of renewable generators that come into operation
before that date. The Brazilian Congress proposed an extension of two years for the discounts
to the new projects.

1.4 International Cooperation

1.4.1 China

China will uphold the UN-centered international system, comply with the objectives and
principles laid out in the UN Framework Convention on Climate Change (UNFCCC) and its
Paris Agreement, and strive to deliver the 2030 Agenda for Sustainable Development. China
intends to peak carbon dioxide emissions before 2030 and achieve carbon neutrality before
2060. This major strategic decision is made based on its sense of responsibility to build a
community with a shared future for mankind and its need to secure sustainable development.
Moreover, China has decided to accept the Kigali Amendment to the Montreal Protocol and to
tighten regulations over non-carbon dioxide emissions.

China will strengthen partnerships and cooperation with international community and will
make common progress toward global carbon neutrality®. China has made marked progress
in building a green Belt and Road Initiative (BRI), and it will make consistent efforts to tap
its potential to promote low-carbon transition worldwide. In recent years, the country's
investment in renewable energy projects in countries and regions involved in the BRI has
kept growing. China has proactively helped developing countries and regions promote the
application of green energy technologies. One example is the Karot Hydropower Project, a
priority project within the China-Pakistan Economic Corridor, with a total investment of $1.74

(D Remarks by Xi Jinping, President of China at the Leaders Summit on Climate, 22 April 2021. http://language.chinadaily.com.cn/
a/202104/23/WS6082197fa31024ad0bab9c28.html
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billion. The hydropower project has been put into commercial operation by the end of 2021,
and provided Pakistan with about 3.2 TWh of clean electricity each year, servicing 5 million
people, and reduce carbon dioxide emissions by 3.5 million tons per year. Facilitated by a
BRI environmental big data platform and a BRI environmental technology transfer center,
China has promoted sharing of green development information and the application of green
technologies among BRI countries.

China will accelerate a green transformation in BRI investment and cooperation
practices, and will support the development and the use of clean energy in participant
countries. According to The Opinions on Improving the Institutional Mechanisms and
Policy Measures for the Green and Low-Carbon Transformation of Energy®, China will
encourage innovation in financial products and services, and support the development and
utilization of clean and low-carbon energy under the framework of BRI. China will promote
practical cooperation on green energy and explore the establishment of a collaborative
development and cooperation mechanism between upstream and downstream enterprises
in the clean and low-carbon energy industry chain. China will guide enterprises to make
outbound investment in clean and low-carbon energy, and will pay attention to resource
conservation, environmental protection and production safety in related projects. China
will also promote the construction of best practice projects for energy cooperation. China
will build a closer partnership for green development, and will make green development a
defining feature in the joint pursuit of the BRI.

China will actively promote cooperation on green development in global energy governance.
The Belt and Road Energy Partnership (BREP) was created in 2019 to promote policy
cooperation and build technology exchange platforms in the energy field among members.
Relying on the platform of China-League of Arab States, China-African Union, China-ASEAN,
China-Central and Eastern Europe, APEC Sustainable Energy Center (APSEC), China will
continue to support the cooperative training of technical personnel related to clean and
low-carbon energy and carry out capacity building, policies, standards and personnel
exchanges. China will improve cooperation with international organizations such as the
International Energy Agency (IEA) and the International Renewable Energy Agency (IRENA),
and will actively participate in green and low-carbon energy transition cooperation under
multilateral frameworks such as the United Nations, the G20, APEC, BRICS and The Shanghai
Cooperation Organization (SCO).

1.4.2 Brazil

International cooperation is an important and usual instrument for promoting energy transition
and ensuring sustainable energy supply. Cooperation can take place through universal
institutions (such as the United Nations), blocks of countries (such as the G20, Mercosur,
BRICS) or bilaterally.

@ http:/www.scio.gov.cn/xwfbh/xwbfbh/wqfbh/47673/48000/xgzc48006/Document/1721203/1721203.htm.
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International cooperation in the energy area has intensified in Brazil in recent years. On the
Concordia Platform at Itamaraty, 608 international acts with the participation of Brazil that
include energy issues were registered in the last 30 years @, Of these, 120 acts involve
renewable energy®.

Santos and Silva (2018) point out that in the 1990s, Brazilian international energy cooperation
was characterized by the approximation with South American countries, especially Argentina
and Bolivia, due to the binational electricity interconnection and gas pipeline projects. The
acts in the nuclear area also stood out in the period.

In the 2000s, international partnerships diversified and renewable sources began to motivate
partnerships. A greater number of countries started to cooperate with Brazil in the energy
area, with the participation of African and Asian countries, as well as Europe and the
Americas. The prospect of international success of biofuels boosted Brazilian international
initiatives.

The last decade remains characterized by partnerships in renewable sources. BRICS
countries gain greater relevance in Brazilian international agreements. Among the most recent
initiatives, the biofuture platform and the Memorandum of Understanding on Bioenergy
signed with India in 2020 stand out.

The platform is an initiative led by Brazil and includes 20 countries. The platform was created
in 2016, and aims to promote the bioeconomy, especially biofuels. In addition to governments,
international institutions in the energy sector collaborate with the platform, such as the
International Energy Agency International Renewable Energy Agency (IRENA) and the Global
Bioenergy Partnership (GBEP).

The cooperation between Brazil and India aims to strengthen sustainable mobility, with an
emphasis on biofuels and vehicles with flexfuel technology. India intends to reach the addition
of 10% ethanol to gasoline by the end of 2022 and 20% in 2025. Among the nine key areas
of cooperation established between Brazil and India are topics such as the development of
second-generation ethanol @ sustainable fuels from aviation and policies and incentives for
biogas and biomethane.

(D Number of international acts that resulted from the search engine for the keyword “Energy” in the period 01/01/1990 to
07/01/2022. International acts include treaties, agreements, memoranda of understanding, agreements, joint declarations,
communiqués, programs, memoranda of understanding or deals.

(2) Ntimero de atos internacionais que resultaram do mecanismo de busca para as palavras chaves Solar, Eélica, Etanol e Biodiesel
no periodo 01/01/1990 a 01/07/2022.

(3) Second-generation ethanol allows the energy use of biomass waste that is discarded from the first-generation ethanol production
process, increasing its productivity and CO, sequestration.
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Il. Green Energy Development in China and Brazil

2.1 Green Energy Development in China

During the past decades, China's green energy has achieved leapfrog development, and the
installed capacity has exceeded 1 Terawatt, accounting for more than 40% of the country's
total installed power generation capacity. Among them, the installed capacity of hydropower,
wind power, photovoltaic power generation and biomass power generation ranked first
in the world for 17 consecutive years, 12 years, 7 years and 4 years respectively, and the
international competitive advantages of photovoltaic, wind power and other industrial chains
are prominent. China has also developed a complete industrial system of renewable energy
technology during the past 10 years and renewable energy has become the principal source
of the country’s newly added installed generation capacity. In the first five months of 2022,
China's newly-added installed capacity of renewable energy generation rose to 43.49 GW,
82.1% of the country's newly added power generation installed capacity. China's installed
capacity of wind, solar, biomass and hydropower generation continued to rank first globally.

2.1.1 Speed-up Development of Hydropower

Since the construction of the first hydropower station in 1904, China's hydropower has strongly
grown, and its installed capacity and annual power generation have ranked first in the world
for many years.

China has clearly defined the goal of carbon neutrality at peak carbon and issued a series
of important policy measures to reduce pollution and reduce CO, emissions, providing major
development opportunities for the higher quality development of clean energy, including the
hydropower industry. In order to accelerate the construction of a new power system with
new energy as the main body, the construction and development of pumped storage power
stations, an unconventional hydropower station with powerful peak regulation and frequency
regulation functions, will also usher in a new round of development opportunities.

2.1.1.1 Distribution of hydropower resources

The hydropower resources are concentrated in the southwest of China, with Tibet, Sichuan
and Yunnan province hosting over two-thirds of the total hydroelectric resources. From
the perspective of regional proportion, in 2020, hydropower generation in the southwest
accounted for 58.51%, central China accounted for 18.5%, and that of northwest accounted
for 10.9%. southern China, eastern China, northeast China and northern China accounted for a
relatively small proportion of hydropower generation, 5.9%, 4.2%, 1.1% and 0.9% respectively.
2.1.1.2 Hydropower generation

According to China Statistic Yearbook 2021, China's hydropower industry has grown steadily
from 1,130.3 TWh in 2015 to 1,304.4 TWh in 2019, showing an increase of 15.40% in five years.
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Figure 2.1 Hydropower generation (2015-2019) (TWh)

Source: China Statistic Yearbook 2021.

In the past decade, China's installed wind power capacity has increased from 232.98
Gigawatts in 2011 to 370.28 Gigawatts in 2020, an showing increase of 58.93% in ten years.
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Source: China Statistic Yearbook 2021 and China Electricity Council.
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China is ramping up pumped-storage hydroelectricity (PSH) capacity in an effort to boost
new energy development and ensure stable operations of the grid. The total installed
capacity of PSH in China increased 15.6 percent year-on-year to 36.39 million kW by the
end of 2021.

The government has also released supportive policies for the development of PSH. In 2014,
the National Development and Reform Commission and the National Energy Administration
successively issued the Opinions on Issues Related to Promoting the Healthy and Orderly
Development of Pumped Storage Power Stations and the Notice on Issues Related to
Improving the Price Formation Mechanism of Pumped Storage Power Stations, which
promoted the healthy development of pumped storage power stations and formed a new
round of hydropower construction climax. In April 2021, the National Development and Reform
Commission and the National Energy Administration came up with a series of suggestions
to improve the PSH price mechanism. In September 2022, a mid to long-term development
plan (2021-2035) for PSH was released by the National Energy Administration, which included
promoting small and medium-sized projects and strengthening technology innovation.
According to the plan, China aims to have its installed capacity of PSH in operation surpass
62 GW by 2025 and 120 GW by 2030.

2.1.1.3 Leading enterprises and major projects

China Yangtze Power Co. (CYPC) is mainly engaged in hydropower generation, power
distribution business, intelligent integrated energy, and investment and financing businesses.
The company has expanded its business to several countries, including China, Portugal,
Peru, Brazil, and Pakistan. CYPC is the largest listed electric power company in China and the
largest listed hydropower company in the world. CYPC has a total installed capacity of 45,595
MW, including 45,495 MW of domestic installed capacity, accounting for 12.3% of China's total
hydropower installed capacity. It generates 262.88 TWh of electricity in 2021. CYPC currently
owns four giant hydropower stations, namely the Three Gorges, Gezhouba, Xiluodu and
Xiangjiaba, and is entrusted with the management of two hydropower stations, Wudongde
and Baihetan.

SDIC Power Holdings CO., LTD. is a leading power generation company in China. SDIC Power
operates a diversified portfolio of projects across hydropower, wind power and solar power.
Among all power generation companies currently listed in China, the Company is the third
largest hydropower company in terms of consolidated hydro installed capacity. Hydropower
projects are mainly distributed in Sichuan, Gansu, Yunnan, Xinjiang and other provinces and
regions. Yalong River Hydropower, which holds 52% of the shares, is the only hydropower
development entity in the Yalong River Basin and ranks third among the 13 major hydropower
bases in China. The river basin has 14.7 Gigawatts of installed capacity and 4.5 Gigawatts
under construction at the end of 2019.

The Three Gorges Hydropower Station is located at Sandouping in Yichang City, Hubei

province, in the middle section of the Xiling Gorge of the Yangtze River. It is the largest
hydropower station in the world, with major functions including flood control, power generation,
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shipping and water resource utilization. The total installed capacity of the station is 22,500
MW, including 32 units with a single capacity of 700 MW and another two units with a single
capacity of 50 MW. As of December 31, 2021, the cumulative power generation capacity of
the Three Gorges Hydropower Station reached 1,502.8 TWh.

Baihetan Hydropower Station is located within the borders of Ningnan County of Sichuan
province and Qiaojia County of Yunnan Province on the lower reaches of the Jinsha River.
The Station focuses on power generation, and also plays a role of flood control. It also helps
to block sands, and improve navigation conditions in the reservoir area and downstream river
sections. The underground powerhouses on the left and right banks of the power station are
each installed with eight sets of 1,000 MW hydro-turbine generators, with a total installed
capacity of 16,000 MW. The construction of Baihetan Hydropower Station began in 2011,
and the first batch of generating units started to generate electricity in July 2021. After being
fully completed, it will be the second largest hydropower station in the world after the Three
Gorges Hydropower Station.

The Gezhouba Hydropower Station is located at the end of the Three Gorges section of the
Yangtze River in Yichang City. It is the first large-scale hydropower project constructed on
the main stream of the Yangtze River, with a comprehensive function of power generation and
waterway improvement. It has 22 units with a total capacity of 2,735 MW. lts first unit was put
into operation on July 30, 1981, and the project was fully completed in 1988. As of December
31, 2021, the cumulative electricity output reached 605.4 TWh.

Xiluodu Hydropower Station is located at the Jinsha River Gorge, where Leibo County of
Sichuan Province and Yongshan County of Yunnan Province are bordering. The electricity it
generates is mainly supplied to east and south China. A total of 18 hydroelectric generating
units with a single-unit capacity of 770 MW are installed in the power station. The total
installed capacity of the power station is 13,860 MW, and the highest dam is 285.5 meters. It
is the world's first high-arch mega hydropower station with double-digit gigawatt capacities,
which won the FIDIC Project Awards in 2016. The Station was officially put into operation at
the end of 2005, and the first units began to operate in July 2013. All of its 18 units were put
into operation at the end of June 2014. As of December 2021, the cumulative electricity output
reached 475.4 TWh.

Xiangjiaba Hydropower Station is located at the outlet of Jinsha River Gorge, at the junction of
Yibin City in Sichuan province and Shuifu City in Yunnan province. The Station was designed
primarily for electricity generation, and has integrated functions including flood control,
shipping, irrigation, and sand control. It is equipped with eight hydropower generating units
with a single capacity of 800 MW and the world's largest vertical ship-lift with a lifting height of
114.2 meters. Its construction officially commenced in November 2006, and the first unit was
put into operation in November 2012. All of its units began to generate electricity in July 2014.
On May 26, 2018, the ship-lift was opened to traffic on a trial base. By the end of 2021, the
cumulative electricity output of the power station topped 260 TWh.
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Wudongde Hydropower Station is located at the border river section between Yunnan
province and Sichuan province. It is mainly for power generation, and has integrated
benefits including flood control, shipping improvement and facilitating local economic and
social development. The Station has a total installed capacity of 10,200 MW, with six 850
MW hydroelectric generating units installed in each of the left and right bank underground
workshops. The construction of project started in 2011 and all units went into operation in June
2021.

The Changlongshan pumped storage power station, the largest pumped storage hydropower
facility in East China in terms of installed capacity, achieved maximum operational capacity in
June 2022. The station, which is equipped with six pumped storage power units with a total
installed capacity of 2.1 million kilowatts, can generate nearly 2.5 billion kilowatt hours (kWh)
of electricity each year. On a full charge, the station can generate more than 6 million kWh of
electricity, equivalent to the normal daily consumption of nearly one million households. It is
also expected to reduce emission of carbon dioxide by about 420,000 metric tons and sulfur
dioxide by 2,800 tons, annually after all units are put into operation.

2.1.2 Coordinated Development of Wind Power

2.1.2.1 Distribution of wind power resources

China's wind energy resources are mainly distributed in three major regions: the northern
region (Inner Mongolia, northeast China, and northwest China); the eastern and south-eastern
coasts and offshore islands bordering the sea; Hunan Hengshan, Hubei Jiugongshan, Anhui
Huangshan, Yunnan Taihuashan and northern Qinghai-Tibet Plateau and other inland areas
are rich in wind energy resources.

According to the 14th Five-Year Plan for Renewable Energy Development, China will advance
the construction of offshore wind power bases in an orderly manner, focusing on the
construction of five major offshore wind power bases in the Shandong Peninsula, the Yangtze
River Delta, southern Fujian, eastern Guangdong and the Beibu Gulf.

2.1.2.2 Wind power generation

According to China Statistic Yearbook 2021, in recent years, China's wind power industry has
grown rapidly, from 185.8 TWh in 2015 to 406 TWh in 2019, with an increase of 118.51% in five
years.
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Source: China Statistic Yearbook 2021.

Over the past decade, China's installed wind power capacity has shown an upward trend.
From 46.23 Gigawatts in 2011 to 281.65 Gigawatts in 2020, an increase of more than 5 times
in 5 years. Data from the National Energy Administration showes China's installed capacity of
grid-connected wind power has reached 300.15 Gigawatts in 2021, doubled that of 2016, and
it has topped globally for 12 consecutive years. With its contribution to the country's power
supply continuously increasing, wind power currently accounts for 13 percent of the country's
total power installation. Generating capacity of wind power accounts for 7.5 percent of total
power consumption. The two figures increase 0.3 percentage and 1.3 percentage points,
respectively, compared to 2020.
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Source: China Statistic Yearbook 2021 and China Electricity Council.

China has become the world's largest wind power equipment manufacturing base as well as a
key exporter of wind turbines and components. The innovation capacity of China's wind power
industry technology has also been on the rise. It has been capable of manufacturing large
megawatt-sized wind turbines. China is also capable of carrying out independent research,
development and manufacturing of the key and core components, with a competitive wind
power industrial system on the global stage.

2.1.2.3 Leading enterprises and major projects

Xinjiang Goldwind Science &Technology Co., Ltd produces large-scale wind turbines. It also
builds and operate pilot wind farms. It is a leader in China's wind power equipment R&D and
manufacturing industry and the world's leading wind power overall solution provider. The
company is the largest manufacturer of wind power equipment in China. So far, it has delivered
over 44,000 wind turbines all over the world with a global cumulative installed capacity exceeding
86 GW and an operations and maintenance (O&M) service capacity exceeding 50 GW.

According to the 74th Five-Year Plan for Renewable Energy Developmentin 2022, China will:

- Promote the development and construction of tens of Gigawatts of offshore wind power bases
such as the Shandong Peninsula, the Yangtze River Delta, southern Fujian, eastern Guangdong,
and Beibu Gulf, promote the centralized continuous development of a number of megawatt-level
key projects, and promote the demonstration of offshore wind power parity and offshore energy
island demonstration projects in conjunction with the development and construction of bases.
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- Support innovation and demonstration application of floating wind turbine foundation and
far-sea flexible HVDC transmission technology, and plans to start construction of China's
first floating commercial offshore wind power project during the "14th Five-Year Plan" period.
In Guangdong, Guangxi, Fujian, Shandong, Jiangsu, Zhejiang, Shanghai and other areas
with good resources and construction conditions, combined with the construction of base
projects. with the construction of a number of megawatt-level far-sea offshore wind power
demonstration projects, and strive to build one or two affordable offshore wind farm projects
by 2025.

- Combined with the development of key wind power bases such as The Shandong Peninsula,
the Yangtze River Delta, Southern Fujian, Eastern Guangdong and Beibu Gulf, the plan also
includes regional energy storage, seawater desalination, marine aquaculture, etc., and build 1
to 2 offshore energy island demonstration projects in or near the base.

- Coordinate The offshore wind power projects with oil and gas fields development.
Complementarities of offshore wind power and oil and gas fields will be considered for power
supply model for regional power systems, and gradually the development of offshore wind
power and offshore will be integrated by oil and gas industries.

2.1.3 Safe and Orderly Development of Nuclear Power

2.1.3.1 Distribution of nuclear power resources

China has been the second-largest worldwide in terms of nuclear-installed capacity and
generation capacity while it has also become a pioneer in the global nuclear sector with
advanced nuclear chain advantages after years of development.

From the perspective of regional proportion, nuclear power generation is mainly concentrated
in East China, South China and Northeast China. In 2020, east China had the highest amount of
nuclear power generation, accounting for 52.2%, followed by south China, accounting for 38.9%
of nuclear power generation. Nuclear power generation in the northeast accounted for 8.9%.

According to the "14th Five-Year Plan" (2021-25) on Modern Energy System Planning released
by the National Development and Reform Commission and the National Energy Administration,
the government vows to step up the installed capacity for nuclear power plants in operation
to 70 gigawatts by 2025, up from 51 GW at the end of 2020. The country vows to actively
promote the construction and rational deployment of coastal nuclear power projects with an
emphasis on security and maintenance of a stable construction pace. The plan also calls
for wider promotion of the use of nuclear energy to heat residential and industrial areas and
desalinate seawater. After two cities in China — Haiyang, Shandong province and Haiyan,
Zhejiang province — have already successfully achieved commercial nuclear heating during
the 2021-2022 heating season.

Demonstration projects of advanced reactor types including high-temperature gas-cooled
reactors, fast reactors, modular small reactors and offshore floating reactors should be
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conducted, while the country should also step up the digitalization of the country's energy
system, according to the plan.

2.1.3.2 Nuclear power generation

Since 2015, China's nuclear power generation has grown at a high rate. It grew from 170.8
billion kWh in 2015, to 348.4 billion kWh in 2019, an increase of more than 103.98% in 5 years.
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Figure 2.5 Nuclear generation (2015-2019) (TWh)

Source: China Statistic Yearbook 2021.

China's nuclear power generation market is moving towards a golden age. In 2020, China's
installed nuclear power capacity reached 49.89 gigawatts, an increase of nearly 3 times from
12.57 gigawatts in 2011.
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Figure 2.6 Installed capacity of nuclear power generation (2011-2020) (GW)

Source: China Statistic Yearbook 2021 and China Electricity Council.

2.1.3.3 Leading enterprises and major projects

China National Nuclear Power Co., Ltd. invests holds 7 nuclear power bases in operation and
under construction, including Qinshan Nuclear Power, Jiangsu Nuclear Power, Sanmen Nuclear
Power, Fuging Nuclear Power, Hainan Nuclear Power, Zhangzhou Energy and Liaoning Nuclear
Power. In 2021, electricity for commercial operations generated by the company's nuclear-power
units totaled 182.637 billion kWh, an increase of 18.61% year-on-year, of which nuclear power
generation was 173.123 billion kWh, an increase of 16.71% year-on-year.

China General Nuclear Power Corporation (CGN) was founded in 1994 and focused on the
development of clean energies such as nuclear power, nuclear fuel, wind power, and solar
power. As of the end of 2019, it has a total in-service installed capacity of 27.14 GW of nuclear
power (accounting for 55.7% of the Chinese mainland), ranking first in China and in the top
five internationally. CGN, boasting a total installed capacity of 5.78 GW under construction or
with approval for construction (accounting for 42.2% in the Chinese mainland), is the largest
nuclear power constructor in the world.

Qinshan Nuclear Power Base is the birthplace of nuclear power in mainland China and is
located in the central area of the power grid load in East China. At present, Qinshan Nuclear
Power Base has a total of 9 operating units, with a total installed capacity of 6.55 Gigawatts
and an annual power generation of about 50 TWh, which is the nuclear power base with
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the largest number of nuclear power units, the richest reactor type and the largest installed
capacity in China.

Sanmen Nuclear Power Co., Ltd. plans to build six 1.25 Gigawatt nuclear power units with a
total installed capacity of 7.5 Gigawatts, which will be built in three phases. The first phase of
the project was officially started on April 19, 2009, which is a third-generation nuclear power
autonomy support project in China, and also the single project with the largest investment in
the history of Zhejiang province, and its first-stadge project is the world's first AP1000 nuclear
power unit, which was put into commercial operation on September 21, 2018; its second
stadge was eligible for commercial operation on November 5, 2018.

"Hualong One" is China's third-generation nuclear power technology with full intellectual
property rights. It is one of the most widely accepted third-generation nuclear power reactors
in the current global market.

Haiyang Nuclear Power Plant located in Haiyang city, east China's Shandong province, makes
Haiyang the country's first zero-carbon heating city with nuclear energy. The Haiyang Nuclear
Power No.1 set has replaced 12 coal-fired boilers, reducing CO, emissions by 180,000 tons.

2.1.4 Diversified Utilization of Solar Energy

2.1.4.1 Distribution of solar power resources

According to the China Meteorological Administration, China's national average annual
horizontal surface radiation was 1,493.4 kWh/m? in 2021. The solar energy resources in the
western and plateau regions are higher than those in the central, eastern and plain regions.
Specifically, Xinjiang, Tibet, central and western Northwest, western Southwest, central and
western Inner Mongolia, northwestern North China, southeastern South China, and parts of
southeastern China have a total annual horizontal plane irradiation of more than 1,400 kWh/mz.
Among them, in most of Tibet, western Sichuan, western Inner Mongolia, northwestern Qinghai
and other places, the total annual horizontal irradiation exceeds 1,750 kWh/mZ; in most of
Xinjiang, central and western Inner Mongolia, central and western Northwest, northern Shanxi,
northern Hebei, Eastern Tibet, most of Yunnan, southern Fujian, eastern Guangdong, and most
of Hainan have a total annual horizontal surface irradiation of 1,400 kWh/m2—1,750 kWh/mZ; The
eastern and southern parts of North China, most of East China, Guangxi, western Guangdong,
most of Central China, central Sichuan, eastern Yunnan, and southwestern Guizhou have a
total annual horizontal surface irradiation of 1,050 kWh/m2-1,4OO kWh/mz; in eastern Sichuan,
Chonggqing, central and northern Guizhou, northwestern Hunan and southwestern Hubei the
total annual horizontal irradiation is less than 1,050 kWh/m”.

2.1.4.2 Solar power generation

In the past ten years, the scale of China's photovoltaic industry has continued to expand and
the installed capacity of solar photovoltaic power generation has shown a rapid upward trend.
In 2020, China's installed solar photovoltaic power generation capacity was 253.56 Gigawatts,
an increase of 24.18% year-on-year, compared with 2.12 Gigawatts in 2011, an increase of
more than 100 times.

32



Green Energy Development and Cooperation among Emerging Economies - "I| II
China - Brazil Cooperation as an Example

300
253.56

250
204.18
= 174.33
150 129.42
100 76.31
4218

50

212 341 1589 21 I I

1 i

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 2.7 Installed capacity of solar power generation (2011-2020) (GW)

Source: China Statistic Yearbook 2021 and China Electricity Council.

2.1.4.3 Leading enterprises and major projects
According to the 14th Five-Year Plan for Renewable Energy Development in 2022: In
southern Xinjiang, China will build a new energy base of 10 gigawatts with photovoltaic as the
mainstay, and explore new development methods such as photovoltaic sand control. In east
Xinjiang, wind power, photovoltaic power generation and solar thermal power generation are
combined to build a new energy base of 10 gigawatts.

China will give full play to the advantages of hydropower regulation in the upper reaches of
the Yellow River, focusing on the overall promotion of photovoltaic power generation and wind
power base development in Qinghai Haixi Prefecture, Hainan Prefecture and other areas.
They include 10 Gigawatt-class wind power photovoltaic bases in Qingyang, Baiyin and other
areas in Gansu province.

Focusing on the Kubugi, Ulanbuhe, Badain Jarin and Tengger Desert areas in western Inner
Mongolia, the Tarim Basin in southern Xinjiang, the Qaidam Basin in western Qinghai, the
northern part of the Hexi Corridor in Gansu, and the northern Shaanxi region, China will
coordinate resource conditions and consumption capacity, and build a number of photovoltaic
sand control new energy power generation bases. China will also promote the development of
desert governance, drought-tolerant crop planting, tourism and other related industries.

2.1.5 Scientific and Effective Development of Hydrogen
Globally, hydrogen has become an important strategic choice for major developed economies

33



I"I" II. Green Energy Development in China and Brazil

seeking to accelerate their energy transformation and upgrading. China is currently the largest
hydrogen producer in the world, with an annual production output of about 33 million metric
tons.

In March of 2022, Chinese authorities released a plan on the development of hydrogen energy for
the 2021-2035 period as the country races toward its carbon peaking and neutrality goals®.

According to the plan, by 2025, China will put in place a relatively complete hydrogen energy
industry development system, with the innovation capability significantly improved and the
core technologies and manufacturing processes basically mastered, according to the plan
jointly released by the National Development and Reform Commission and the National
Energy Administration.

By 2025, annual hydrogen production from renewable energy is expected to reach 100,000
metric tons to 200,000 metric tons to become an important part of new hydrogen energy
consumption and enable carbon dioxide emission reduction of 1 million to 2 million metric tons
per year.

By 2030, China is seeking a reasonable and orderly industrial layout and a wide use of
hydrogen production from renewable energy to offer solid support for the carbon peaking
goal.

By 2035, the proportion of hydrogen produced from renewable energy in energy consumption
will increase significantly, which will play an important supporting role in the national green
energy transformation, according to the plan.

2.2 Green Energy Development in Brazil

2.2.1 Hydropower

Seen as a mature technology, hydropower is the renewable electricity generation source
with a larger share on the global energy mix, performing an important role with respect to the
power system decarbonization and green development improvement. However, the expansion
potential is globally limited, and its contribution is modest in long term decarbonization
strategies such as the net zero carbon by 2050 (IEA, 2021; IEA, 2022a).

Furthermore, to the period from 2021 to 2030 is forecasted a decreasing of 23% with respect to
the hydropower global net capacity additions when compared with the previous decade. Brazil
is the world’s second largest generator of hydroelectricity, large hydropower plants account
for around 65% of domestic electricity generation ® . However, several periods of drought have
negatively affected the country’s hydropower generation capacity (Hirons, 2020).

@ http://english.www.gov.cn/statecouncil/ministries/202203/23/content. WS623ac568c6d02¢53353282a4.html
(2) Average of the share of hydropower generation in the last 10 years (2012-2021) (EPE, 2022)
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Despite its importance in the Brazilian green energy development, hydroelectric power
engenders some controversies related to the construction of dams and reservoirs. They are
essential to hydro plants operation, but they cause negative impacts and damages, mainly
with respect to social and environmental aspects®.

As the remaining hydro potential is majorly located in sensible environmental areas such as
the Amazon region, generation capacity expansion faces strong opposition. It may threaten
river ecosystems and the local biodiversity, as well as submerge landmasses in the process
(Murray, 2022).

Moreover, as the highest energy demand comes from Brazilian southeast coast, hydropower
expansion require costly transmission infrastructure and create reliability challenges to the
system as a whole (Murray, 2022).

Due to these characteristics, hydropower should contribute little to the expansion of the
Brazilian electrical system. In the ten-year plan — PDE 2031, the expansion of hydroelectric
generation capacity (8.5 GW) represents only 11% of the expected expansion of generation
capacity (EPE, 2022a).

2.2.2 Nuclear

Brazil began developing nuclear technology in 1951 under the National Research Council
(CNPq) and accelerated its development under military rule from 1964 to 1985 (WNA, 2021).
Angra 1 was the first nuclear power plant to enter commercial operation in Brazil in 1985.
This first unit was a turn-key project contracted to Westinghouse which, for a certain period,
presented poor operating performance (TOLMASQUIM, 2016).

The civil works of the second plant, Angra 2, started in 1976, but due to lack of financial
resources and the lower-than-expected growth in demand, the unit only started to operate
commercially in February 2001.

A third nuclear plant with 1,405 MWe generating capacity was planned for the same site,
Angra 3. It was designed to be a twin nuclear power plant to unit 2, but incorporating the
technological advances, as digital instrumentation, and control systems. Its construction
began in 1984, but it was later suspended. Corruption investigations involving Eletronuclear
and the difficulty of financing interrupted the work and delayed the construction schedule
beyond 2026. USD 1.6 billion has already been invested in the construction of Angra 3. It is
estimated that it will be necessary to invest another USD 3 billion to complete the plant. It is
expected to start operating in 2027.

In Brazil, the technological option is the pressurized water reactors (PWR), the most frequently
adopted technology worldwide, with more than 60% of the plants in operation. According to

@ Changes in water quality, emission of greenhouse gases, people relocation, and loss of genetic patrimony

have risen as a result of hydropower plants construction in Brazil.
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the Ten Year Energy Plan (PDE) 2030 (EPE, 2021), after 2030, new projects may be based on
PWR technologies, modular or small and medium-sized reactors (SMRs) and fourth-generation
reactors, if the latter reach technological maturity and competitiveness.

The Ten-Year Energy Plan (PDE) 2031 foresees the contracting of a new nuclear plant of 1,000
MW in 2031 in addition to Angra 3. A more robust expansion was considered in the long-term
National Energy Plan - PNE 2050 (EPE, 2020)”. It indicated an expansion from 8 to 10 GW (up
to 8 new nuclear plants) in 30 years.

At the 26th edition of the United Nations Conference on Climate Change (COP26), the then
Minister of Mines and Energy (MME) announced the possibility of contracting new nuclear
plants from energy auctions in the short term, with the private construction of new projects
from 2023, 2024, 2025.

In January 2022, the MME entered into an agreement with the Electric Energy Research
Center (Cepel) to study potential locations for new Brazilian nuclear plants. The Southeast
region is a strong candidate, especially Rio de Janeiro. In previous evaluations, Pernambuco
appeared as the preferred region for the installation of a new plant.

Rio de Janeiro will also be the headquarters of Brazilian Holding Company in Nuclear and
Binational Energy (ENBpar), a new state-owned company created in September 2021 to take
control of nuclear assets after Eletrobras privatization. ENBpar is linked to the MME and has
the role of ensuring the maintenance of Union control over the operation of nuclear plants.

The Brazilian nuclear sector is undergoing restructuring and is in the process of building a
new strategic legal framework. To meet this objective, the National Nuclear Security Authority
(ANSN) was created in 2021, with a simplified structure. The ANSN was organized from a
spin-off of the National Nuclear Energy Commission (CNEN) and is linked to the MME. The
intention in the future is to convert the ANSN into a regulatory agency.

The ANSN was created to separate regulatory/supervision and execution activities from
nuclear activities and installations, a conflict of competences pointed out by a domestic
authority (Union Court of Auditors — TCU) and by an international authority (International
Atomic Energy Agency — IAEA). ANSN's competence encompasses not only the production
of nuclear energy, but also activities in agriculture, such as food irradiation and nuclear
medicine.

Brazil has considerable uranium resources, although a large part of the national territory has
not been prospected. The known resources are in the order of 244,788 tons of contained
uranium (U308), distributed among the states of Bahia, Ceara and others (INB, 2021). The

(@ Brazilian energy planning is developed in two time spans. The planning for the next ten years is presented in the Ten Year
Energy Plan (PDE) document. Long-term planning is presented for the next 30 years in the document National Energy Plan (PNE).
The latest versions are PDE 2031 and PNE 2050.
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PDE 2030 (EPE, 2021) considers that there is sufficient resource to supply, for 40 years, at
least 14 nuclear power plants with 1,300 MW, operating with an average capacity factor of
85%. The country also masters all the technology of the nuclear fuel cycle, from mining to
assembling the fuel element.

Uranium mining in Brazil is carried out by Nuclear Industries of Brazil - INB at its Uranium
Concentration Unit — URA, located in the municipality of Caetité/BA. The unit is responsible
for mining and mineral processing operations that result in the product called Uranium
Concentrate — or yellowcake (U308). Uranium production in Caetité was restarted in 2020
after a 5-year stoppage (between 2015 and 2019), after the depletion of the explored deposit.
The fuel cycle stage (conversion and part of the enrichment) has been carried out abroad
for reasons of scale. URENCO, a European consortium formed by Holland, Germany and
England, is the main supplier of uranium enrichment services. Thus, the uranium enrichment
process produced in Brazil is carried out abroad and sent to the Nuclear Fuel Factory —
Reconversion. However, Brazil already has an enrichment unit located in Resende, licensed to
enrich uranium to less than 5% of U-235 (TOALMASQUIM, 2016).

The challenges to achieve the goals of PNE 2050 are numerous, especially the economic
viability of nuclear projects. The construction of these new plants is only feasible after the
implementation of Angra 3, which was delayed several times.

The increase in the share of nuclear energy in the country's electricity supply matrix will
depend on several environmental and regulatory factors. To prevent such factors from
imposing restrictions that surpass technical limitations, it is necessary to define the business
model to be used in the country, as well as to update the legal framework and the regulatory
framework to allow the participation of private investors in partnership with the State.

There is growing interest in modular or small to medium size reactors (SMRs), particularly
in remote locations or countries with smaller grids. Small reactors have the advantages of
meeting the needs of local communities, do not require high investments and do not require
an expensive power transmission system.

In Brazil, the Fixed Bed Nuclear Reactor (FBNR) is under development, with the Federal
University of Rio Grande do Sul as the main developer. The FBNR is a pressurized water
reactor (PWR), but its fuel elements are made of TRISO-type particles. The objective of the
Fixed Bed Nuclear Reactor (FBNR) Project is to develop an innovative nuclear reactor with a
simple design to be small, economical, safe, strong, and sustainable. The FBNR is a terrestrial
nuclear power plant, designed for urban use or in remote locations. The reactor is being
designed to produce electricity on its own or to operate as a cogeneration plant producing
electricity, or desalination of water and steam for industrial purposes.

The FBNR is a small reactor (70 MWe) without the need for on-site refueling due to the long
fuel cycle time. Each module is replenished at the factory and then transported to the site.
No on-site refueling is necessary because the fuel elements are contained in the sealed fuel
chamber and are transported to the factory for refueling under inspection conditions. The
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FBNR is evaluated by the IAEA's INPRO Methodology which evaluated the project as having
the potential to reach a total safety level.

Current efforts are being made to bring potential investors together with industrial partners to
build the FBNR reactor prototype.

The different designs of small advanced modular reactors (SMRs) that are approximately one
third the size of a typical nuclear power plant, with shorter construction time can represent
cost savings in relation to traditional designs. SMRs can reduce project costs and mitigate
business risks.

With advanced reactor designs comes the possibility of an expanded role for nuclear power.
There is a wide variety of other non-electrical applications for which the new generation of
reactors may be suited. These innovations include heat production and cogeneration for
heavy industry, hydrogen and synthetic fuel production, desalination and off-grid applications.
Taken together, the potential for large-scale construction using existing nuclear technologies
(long-term operation), SMRs, hybrid nuclear power and hydrogen systems begin to reveal the
full extent of the potential for nuclear power and nuclear innovations to play a role.

For nuclear power to reach the audacious target of 1,160 gigawatts of electrical capacity, 87
gigawatts of accumulated emissions would be avoided between 2020 and 2050. By 2050,
nuclear power could displace 5 gigawatts of emissions per year, which is more than the entire
US economy emits annually today (NEA, 2021a).

2.2.3 Biomass

Biomass is very relevant in the Brazilian energy mix. Biomass products represents 31% of the
primary energy consumption in Brazil (EPE, 2022). The main energy uses of biomass in Brazil
are biofuels, ethanol and biodiesel, and electricity generation.

Ethanol

The use of ethanol has been promoted in Brazil since 1975, when Proalcool was created.
Initially, ethanol was used only mixed with gasoline, in the form of anhydrous ethanol: in 1977,
Brazilian legislation required a mixture of 4.5% ethanol with gasoline. The first Brazilian cars
fueled exclusively with hydrated ethanol appeared in 1978.

After a rapid diffusion in the early 1980s, ethanol vehicles came to represent 96% of light
car sales in 1985. However, the withdrawal of incentives coupled to the fall of oil price
discouraged the supply of the fuel. In the second half of the 1980s, there were episodes of
shortages and sales of ethanol vehicles plummeted. Even so, ethanol consumption remained
relevant due to the hydrous ethanol fleet already in circulation and the mixture of anhydrous
ethanol in gasoline.

A new moment for the Brazilian ethanol market began with the emergence of the flex-fuel car
in 2003, which can use ethanol or gasoline in any proportion. Hydrous ethanol sales in Brazil
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increase as the flexible fleet spreads. Today, flexible models represent 73% of the Brazilian
car fleet (Sindipecas, 2022).

According to current legislation, the ethanol mixture can vary from 18% to 27.5% and is
currently set at 27% (E27) for the final gasoline sold in gas stations. Regular gasoline is the
official term used for gasoline blended with anhydrous ethanol.

RenovaBio, established by Law No. 13.576/2017, is a government policy that seeks to promote
the use of biofuels. It is based on the establishment of annual targets for reducing carbon
intensity, in units of gram of CO, per mega joule (gCO,/MJ) of the transport energy matrix for
a minimum period of ten years. The targets give rise to obligations for fossil fuel distributors
to acquire Biofuels Certification and Decarbonization Credit (CBIO) from biofuels producers.
Its effective operation began in 2020. ANP has authorized © 267 ethanol plants, 30 biodiesel
plants and 3 biomethane plants to provide CBIOs, (EPE/PDE 2031).

Established through CNPE Resolution No. 7/2021, the Fuel of the Future Program aims at
increasing the share of sustainable and low-carbon fuels, integrating various public policies,
such as RenovaBio, the National Program for the Production and Use of Biodiesel (PNPB), the
National Vehicle Labeling Program and Route 2030. The Program will also study the use of
aviation biokerosene and sustainable alternatives in the maritime sector, measures to capture
carbon in the production of biofuels and ways of using hydrogen as fuel.

Currently, the Brazilian government has different tax policies for ethanol in relation to gasoline, both
in CIDE and PIS/COFINS @ . In addition, governments of several states offer different treatment for
ethanol, using different ICMS ® rates for ethanol and gasoline. It is also worth mentioning that the
IPI® on flex-fuel cars is lower compared to vehicles powered only by gasoline.

In 2021, Brazilian ethanol production was estimated at 30.43 billion liters, down 13% from
the revised figure for 2020 (35.08 billion liters), mainly because sugarcane production was
severely harmed and favored the production of sugar.

The Ministry of Agriculture, Livestock and Supply registered, in December 2020, 361 ethanol
and sugar production units in Brazil, whose effective installed crushing capacity was 745
million tons of cane (Mtc) (capacity factor of 90% of the nominal).

According to the ANP, the units authorized to produce ethanol had annual anhydrous and
hydrated production capacity of 23 billion liters and 43 billion liters, respectively (considering
an average of 180 days of harvest).

@ Until November 2021.

@ Contributions for Intervention in the Economic Domain — CIDE and Social Integration Program -PIS/ Contribution to Social
Security Financing — COFINS are federal taxes.

(3 Tax on the Circulation of Goods — ICMS is state level tax.

(@ Tax on Industrialized Products — IPI is federal tax.
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Ethanol can also be produced through other inputs, such as bagasse, straws and tips (E2G)
and corn. Brazil has two commercial second-generation ethanol plants (Granbio and Raizen),
with nominal production capacity of 60 and 42 million liters per year, respectively.

Biodiesel

The Brazilian experience with biodiesel is the most recent of the programs to stimulate energy
use of biomass. The National Biodiesel Production and Use Program (PNPB) was established
by Law No. 11.097/2005. Since then, more than 52 billion liters of this biofuel were produced
by September 2021. Comparatively, Brazil is among the three largest consumers of biodiesel,
after Indonesia and the USA. But unlike other major markets in Europe and the United States,
Brazil only uses biodiesel mixed to fossil diesel. In relation to exports, the Brazilian share has
never been significant, with only 3.8 million liters exported in 2020. The national biodiesel
sector registered a total of 50 production plants in August 2021, concentrated in the Central-
West and the South regions (USDA, 2021).

Initially the addition of biodiesel to fossil diesel in the percentage of 2% was authorized,
becoming mandatory in 2008. The percentage reached 5% in 2010 and, since then, there
has been rapid evolution, reaching 13% in March 2021, with a schedule to advance to 15% in
2023. Law No. 11,097/2005 provides a broad definition for biodiesel, as any fuel derived from
renewable biomass for use in Diesel cycle engines.

About 75% of the biodiesel produced is made from soybean oil and 6.5% comes out from
animal fat. Other raw materials are palm oil (2%), cottonseed oil (1.7%) and cooking oil (1.4%).
Raw materials represent around 75% to 80% of the cost of producing biodiesel, while other
inputs such as methanol and additives represent 10%.

As of January 2022, a new model of commercialization of biodiesel has begun. It promotes
free negotiation between biodiesel producers and distributors and requires that 80% of the
supply come from plants with the Social Biofuel Label (SBS), maintaining the current rule of
priority participation of family farming (EPE/PDE 2031).

Bioelectricity

Biomass thermal generation accounts for 16 GW of power capacity, about 9% of the Brazilian
electrical matrix. Sugarcane bagasse is the most used fuel, with 73% of the power generation
by biomass (ANEEL/SIGA, 2022).

The extraction of sugarcane juice generates bagasse as residue, and the production of
ethanol and sugar gives rise to filter cake and, in the case of biofuel, vinasse. In addition to
these, the sugarcane harvest also generates residual biomass composed of straw and tips
(EPE, 2022).

The cogeneration of heat and power by sugar and ethanol producers is very traditional in

Brazil. In 2004, the Incentive Program for Alternative Sources of Electric Energy (PROINFA)
created new stimulus.
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In addition to energy self-supply, sugarcane biomass plants sell electricity in the regulated
(ACR) and free (ACL) contracting environments. In the ACR, energy purchase and sale
operations are made through auctions. The auction model was structured to ensure greater
transparency and competition in energy trading by distribution companies. In the ACL, the
agents of generation, commercialization, import, export, and free consumers act in freely
negotiated bilateral energy purchase and sale contracts, with distributors not being allowed to
purchase energy in this market.

To increase the competitiveness of sources derived from biomass and stimulate the growth
of bioelectricity in the Brazilian electricity matrix, the federal government created regulatory
mechanisms and incentive policies, such as specific auctions. In 2008, the first reserve
energy auction (LER 2008) was held, focused exclusively on biomass. On this occasion, more
than 590 MWmed were contracted at maximum value, with start-up scheduled for the years
2009 and 2012.

Among the 369 sugarcane plants in operation in 2021, about 220 units sold energy and
approximately 40% of these did so through energy auctions. By August 2021, 60 contests had
been held, with energy sales from sugarcane plants in 30 of them (CCEE, 2021). Over the last
few years, the commercialization of bioelectricity in the ACR has decreased, despite reducing
its participation in the national electricity matrix. In this sense, even with the realization of
future events, in which this amount can be increased, the tendency is that the ACL and the
settlement of energy in the spot market (PLD) are configured as the majority for the sale of
energy in this segment. Thus, the total energy contracted from these units in the ACR will
reach approximately 1 GWaverage by the end of 2025, in addition to the extra amount of 530
MWavg, which can be sold by the sugarcane biomass plants in the ACL or PLD in the same
year. Included in the amount contracted in the ACR, there is energy from PROINFA projects,
of 278 MWavg (ELETROBRAS, 2021).

Sugarcane biomass in electricity generation has a seasonal behavior and the increase in
bioelectricity generation occurs during the harvest. The generation from other biomasses is
more controllable and deterministic, mainly due to the possibility of storing the fuel. This is
an important attribute for the electricity sector, contributing to increased energy security and
systemic reliability.

The power granted for generation through other biomass (except sugarcane) represents 2.51%
of the electrical matrix. Black liquor stands out, largely driven by the growth in production in
the cellulose sector, biogas and forest residues. Despite the lesser participation, elephant
grass, charcoal, rice husks, auto oven gas and firewood (ANEEL/SIGA) also contribute.

2.2.4 Solar

Photovoltaic solar energy is the main technology to produce electricity from the sun. The
energy is obtained through the direct conversion of light into electricity, and the photovoltaic
cell, manufactured with semiconductor material, is the fundamental unit of this conversion
process.
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As it is located almost entirely in the region limited by the Tropics of Cancer and Capricorn,
with a vertical incidence of solar rays, Brazil has a high level of solar radiation in almost all its
territory, even in winter. This condition gives the country significant potential for generating
electricity from photovoltaic solar sources. In the 2010s, its use began to spread in Brazil due
to new regulation of distributed generation connected to the grid and through auctions for
contracting of centralized power plants.

Centralized Photovoltaic Generation

Centralized generation is characterized by large electric power production plants, requiring
transmission and distribution lines for the energy to reach the final consumer. The contracting
of energy can be carried out both in the Regulated Contracting Environment (ACR) and in
the Free Contracting Environment (ACL). In ACR the energy is sold through public auctions
to distribution companies. In ACL, large consumers buy energy through freely negotiated
bilateral contracts.

The solar power auctions initiated in 2014. Initially, solar power was only negotiated in auctions
designed to renewable sources. In 2017, solar power projects were first selected in general
(technology neutral) power auctions as cost reductions made the technology more attractive. To
date, 4.7 GW of solar installed capacity has been contracted in 10 public auctions (figure 2.8).
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Figure 2.8 Solar power in ACR auctions - Brazil (Average price and Generating Capacity)
Note: LER — Renewable Oriented Auctions; LEN — General (Technology neutral) Auctions. A — X means that plant

operation must start in X years.
Source: Greener (2022).
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Recently, a significant volume of solar energy projects has been oriented to the free market.
Law 14,120/2021 gives a 3-year deadline for granting discounts on transmission and
distribution tariffs for renewable projects. Thus, renewable plants that enter after this period
will pay full tariffs. This sparked a race for permits for solar energy projects. Licenses were
issued for a total of 38 GW of solar generation aimed at the free market, although part of these
projects might not be carried out.

Solar PV Distributed Generation

In 2012, a net metering system for renewable distributed generation was introduced in Brazil
through the ANEEL Resolution 482/2012. This incentive mechanism for distributed generation (DG)
consists of measuring the net flow of energy by bidirectional meters. If the distributed generation
is bigger than the consumption, the excess is supplied to the grid and the consumer receives
an “energy credit” that can be used when consumption is bigger than generation. Therefore, the
distribution network works as a “battery” to distributed generation systems.

Initially, few consumers chose to install distributed generation systems in the metering
scheme. However, as electricity prices increased after 2015 and the rules were amended DG
became more attractive.

The net metering scheme is under review. The current method does not remunerate grid costs
(as 1 KWh consumed can be compensated by 1 KWh generated). A new law (14,300/2022)
reduces progressively the amount of consumption that can be compensated by new
distributed generation. It stimulated a rush to install PV panels before the change in the rule of
compensation (see figure 2.9).
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Figure 2.9: Evolution of accumulated installed capacity (MW) of
Solar photovoltaic distributed generation - Brazil

Source: Elaborated by the authors using ANEEL data.
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Law 14,300/2022 also created the Social Renewable Energy Program (PERS) which provides
funds for the installation of solar panels in low-income consumers. However, its effectiveness
will depend on the voluntary adhesion of the distribution companies. Losekann and Abuche
(2022) indicates that it is necessary to complement its institutional design and financial
resources to obtain a significant result.

In 2020, distributed photovoltaic technology led to the addition of installed capacity in
Brazil, with almost 2.8 GW installed, surpassing all other technologies, including centralized
generation. Since then, photovoltaic DG continues to develop at a fast pace, totaling 966
thousand installations and having surpassed the 10 GW mark in the first quarter of 2022 (see
Figure 2.9).

Of the 10.3 GW of installed capacity in photovoltaic DG, the residential segment accounts for
4.7 GW, followed by commercial with 3.3 GW and rural with 1.4 GW. However, there is still only
1% of households with photovoltaic DG in Brazil. The high electricity tariff and remote work
in the period of the Covid-19 pandemic contributed to greater adoption of DG in households.
The solar energy boom resulted in the multiplication of integrator companies and equipment
suppliers (there are 21,200 active photovoltaic integrators).

The disorganization of the global supply of solar panels because of the logistical restrictions
resulting from the pandemic opens an opportunity for national suppliers to replace imports
that are very significant today.

PV modules represent around 38% of the final price of a PV system. The main input of the
module is metallic silicon (which represents 60% of the cost structure of inputs and is the raw
material for polysilicon), so its price directly impacts the final price of PV modules. In 2021,
the price of polysilicon increased by more than 200%, mainly due to production restrictions in
China due to the Covid-19 pandemic, generating an imbalance between supply and demand
for modules. The FOB price of the Mono PERC module increased by an average of 26%.
International freight, which represented about 3% of the CIF price, reached 16% in 2021due to
the lack of containers and congestion in ports.

Semiconductors and electronic components account for most of the total cost of photovoltaic
inverters (48% and 30%, respectively). In 2021, demands for these components had increased
due to the digitization process that was accelerated by the Covid-19 pandemic. This scenario
culminated in global supply problems for these components and consequent increases in
prices and freight, influencing the cost of inverters.

The structures are made of aluminum or steel to ensure material flexibility and longer useful
life and are produced in Brazil.

2.2.5 Hydrogen

IEA (2019) identifies hydrogen as one of the sources that can facilitate decarbonization,
especially in segments where electrification is not possible or too expensive (airlift and
shiping). Hydrogen makes it possible to store and deliver energy in large amounts without
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emitting CO, during combustion. Hydrogen (H2) is an energy carrier and vector, being
converted from other fuels, enables end-users to be less dependent on specific energy
resources and increases the resilience of the energy supply. However, hydrogen is a green
fuel only when produced from a renewable source such as wind, solar, or hydropower.

Brazil has a prominent position to become a big exporter of green hydrogen, due to its
favorable conditions for generating electricity through wind, solar and hydro sources.
Hydrogen production is currently concentrated in the refining and fertilizer sectors using
processes with high CO, emissions. Brazil follows the global trend and produces it through
the reform of natural gas, also called gray hydrogen. The Brazilian government transition
strategy is to initially promote the production of blue hydrogen, that is, hydrogen produced
from fossil fuels with carbon capture, utilization, and storage (CCUS) using emission reduction
technologies that can be applied throughout the power system. Then, as production costs
decrease, green hydrogen will be promoted.

The investments announced for the construction of plants producing green hydrogen (H2V)
in Brazil reach more than US$ 27 billion, most concentrated in ports like Pecém in Ceara
state, Suape in Pernambuco state, and Agu in Rio de Janeiro state. These ports combine
strategic factors for developing the new H2V chain, such as logistics for exports due to their
proximity to industrial centers, and abundant renewable energy sources like solar and wind.
The port of Rotterdam, in the Netherlands, plans to supply 4.6 million tonnes/year of hydrogen
to northwest Europe by 2030, with most of this volume coming from other continents. The
distances between the port of Rotterdam and potential H2V exporters (Table 2.1) evidence the
strategic location of Brazilian ports.

Table 2.1 - Distances between Rotterdam and potential H2V exporters

Harbor km
Australia (New Castle) 16,250
Chile (Valparaiso) 12,400
Brazil (Fortaleza) 7,390

Source: Elaborated by the authors

The Cearé state has more than 22 signed intent memoranda for green hydrogen (H2V)
projects. These include an agreement with the Australian Enegix Energy to set up a
green hydrogen plant in the Pecém Industrial and Port Complex, located in the Fortaleza
metropolitan region, with an estimated investment of US 5.4 billion, in addition to projects with
other companies like Portuguese EDP for the installation of solar plant with a capacity of 3
megawatts (MW) for the hydrogen production. Porto Suape in Pernambuco state signed an
investment agreement with companies such as the Neoenergia and Qair for the combined
electrolysis processes, pumping, and liquefaction, allowing the product to be shipped over
long distances, in addition to the reform of natural gas.

The Municipality of Sdo Carlos (SP) signed an understanding memorandum with R20 (Regions
of Climate Action) for the feasibility study of implementing a hydrogen production plant.
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Unigel company inaugurated a nitrogen fertilizer unit that produces ammonia and urea and
intends to build the first green ammonia plant expected to be operational by the end of 2022
in Camacari, Bahia. In 2019, Brazil demanded around 36.2 million tons of fertilizers, of which
81.5% (29.5 million tons) were imported.

Fortescue Future Industries Pty Ltd and Porto do Acu have signed a Memorandum of
Understanding (MOU) to develop a green industrial project hydrogen electrolyzer of 300 MW
to produce 250,000 t/year of green ammonia in Rio de Janeiro. Rio Grande do Norte and
Piaui states already have memoranda of understanding with the private initiative to produce
H2V. And Minas Gerais state presents a green steel production project.

There are wide regional variations in hydrogen production costs today, and its future economy
depends on fossil fuel, electricity, and carbon prices. Natural gas is currently the most cost-
effective option for hydrogen production in most parts of the world, with costs as low as USD
1/kgH2 in the Middle East. Brazil is one of the most competitive countries to green hydrogen
production. The Levelized Cost of green Hydrogen (LCOH) produced in Brazil would be
around USD 1.50/H2kg in 2030 (Figure 2.10). Although other countries have competitive costs,
a cleaner energy matrix can be an advantage for Brazil.
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Figure 2.10 - LCOH Benchmark, 2030 USD/kgH2.

Source: Gurlit et al. 2021.

The research, development, and innovation strategy for hydrogen in Brazil does not start in
recent. In 2002, the Ministry of Science, Technology, and Innovation (MCTI) launched the
science, technology, and innovation program in the hydrogen economy, which promoted the
formation and training of human resources, with an emphasis on graduate studies, in addition
to the implementation of demonstration of different fuel cell systems and hydrogen production
technologies.

In 2005, the Ministry of Mines and Energy (MME) launched the roadmap for structuring the
hydrogen economy in Brazil, with a focus on evaluating different technological routes in which
Brazil could have competitive advantages, such as water electrolysis, ethanol, and other
biomasses. In addition to recognizing the natural gas role in the transition to the green hydrogen
phase and the market diffusion logic definition for hydrogen with distributed energy generation.

(@O Now MCTIC, as ‘Communication’, became also the responsibility of this Ministry.
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In 2010, the Ministry of Science, Technology, and Innovation (MCTI ) and Management
and Strategic Studies Center (CGEE) presented as the main national bottlenecks the small
volume of investment in the area, the need for continuity of investments in R&D programs in
hydrogen, and the lack of incentives to technology-based companies (CGEE, 2010). With
so many challenges, it was only in 2018 that the MCTIC published the science, technology,
and innovation plan for renewable energies and biofuels, aiming to promote studies on the
potential of oceanic, heliothermal, offshore wind, and hydrogen (MCTIC, 2018).

In 2020, the MME presented the national energy plan (PNE 2050). The renewable energy
potential in Brazil will be more than 17 times its demand in 2050, among the disruptive
technologies, with emphasis on hydrogen, with the main challenges in the elaboration
guidelines for their use, transport, and storage, as well as recommendations for designing
regulatory improvements related to quality, safety, transport infrastructure, storage, and supply
(MME/EPE, 2020).

The National Energy Policy Council (CNPE) Resolution No. 2 of February 2021 established
guidelines on research, development, and innovation in the energy sector in Brazil, prioritizing
the allocation of research resources to the following topics: (i) hydrogen; (i) nuclear energy; (iii)
biofuels; (iv) energy storage; (v) technologies for a sustainable thermoelectric generation; (vi)
digital transformation; and (vii) strategic minerals for the energy sector.

The Brazilian government launched the Brazilian Hydrogen Energy Pact as part of the “United
Nations High-Level Dialogue on Energy” which was the first global meeting on energy under
the aegis of the UN since 1981. Ministry of Mines and Energy (MME) launched the guidelines
(CNPE Resolution No. 6/2021) for the construction of the Brazilian National Hydrogen Program
(PNH2). EPE developed technical bases for the consolidation of the Brazilian hydrogen
strategy, with the main challenges and opportunities, emphasizing that in addition to green
hydrogen, blue hydrogen and CCUS are important to make the process costs viable (EPE,
2021).

In August 2021, the MME launched the National Hydrogen Program (PNH2) whose principles
are to value the national potential of energy resources; be comprehensive; align with
the economy's decarbonization ambitions; value and encourage national technological
development; aim for the development of a competitive market; seek synergies and
articulation with other countries; and recognize the contribution of the national industry (MME,
2021). In 2022, EPE released a series of studies for gray (reform of natural gas), blue (reform
of natural gas with CCUS) and turquoise (natural gas pyrolysis) hydrogen (EPE, 2022, 2022a,
2022Db):

Regarding financing for renewables and low-carbon hydrogen, Brazil has have research,
development, and innovation financing funds; and lines of financing at BNDES, FINEP, the
private sector, and capital markets. Brazil has several research groups in universities and
maintains laboratories of international standards to make technologies applicable to the
national reality in the hydrogen sector, such as the Alberto Luiz Coimbra Institute of Graduate
Studies and Engineering Research, of the Federal University of Rio de Janeiro (COPPE-UFRJ)
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with the Hydrogen Laboratory (LabH2), developing solid oxide fuel cells and electric-powered
heavy vehicles, among others. At the initiative of LabH2 and with the collaboration of several
research and development institutions, government agencies, and companies related to the
subject, the Brazilian Association for Research, Development, and Innovation of Hydrogen
was founded in April 2017 (ABH2) which is a non-profit association dedicated to hydrogen
research in Brazil (GlZ, 2021).

The Hydrogen Laboratory (LH2) of the State University of Campinas (UNICAMP) studies: 1)
hydrogen production through the processes of reforming natural gas, ethanol, and water
electrolysis and hydrogen purification, 2) applications of hydrogen in projects of distributed
generation of electric energy, using fuel cells and 3) applications of hydrogen in mobility,
where the construction of the first vehicle powered by hydrogen and fuel cells of the type
Polymeric Electrolytic Membrane (PEM) in the southern hemisphere stands out (GIZ, 2021).

Unicamp has a project with Nissan to study bioethanol as an option for electric mobility,
having developed a prototype vehicle with a solid oxide fuel cell (SOFC) that runs on energy
generated by ethanol. Hytron was created in 2003 as a spin-off from the University of
Campinas and acquired in 2020 by NEUMAN ESSER GROUP of Aachen, Germany (NEA
GROUP) and develops solutions in the engineering area and systems integration for energy
and gas systems with a focus on in hydrogen.

The Hydrogen Research Center (NUPHI) of the Itaipu Technological Park (PTI) was an
agreement signed with Itaipu Binacional and Eletrobras. The experimental hydrogen
production plant makes it possible to analyze the entire cycle of obtaining and applying
hydrogen, involving the production, purification, compression, storage, and subsequent use
in fuel or combustion cells in mixing with other fuels, such as biomethane. The EMTU and
USP study hydrogen buses in Sao Paulo in 2021; the Laboratory of Materials and Renewable
Energy (Labmater) of the Federal University of Parand, National Institute of Technology of the
Ministry of Science, Technology, and Innovation; and the Technological Park of the Federal
University of Ceara (UFC), which has more than twenty studies in progress focused on
developing solutions for the green hydrogen hub (H2V), including hydrogen production study
from sewage, without using electric energy.

Among the current initiatives it is worth mentioning the Brazil-Germany Energy Partnership
for a Sectorial Mapping Study of Green Hydrogen in Brazil; the special study commission on
hydrogen technologies ABNT/CEE 067 for the Standardization of H2 technologies; and the
Public Policies for Renewable Energies Strategic Call for Hydrogen R&D Projects.

2.2.6 Petrobras Initiatives about green energy

Since 1975, when Proalcool was created, Brazilian public policies have stimulated the use of
biofuels. The mandatory blending of biodiesel with fossil diesel (10%, with a forecast increase)
and of ethanol with gasoline (27%) formed the basis for the great expansion of consumption
and production of biofuels in Brazil.

Petrobras investments in renewable energy
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The worldwide interest in renewable fuels in the 2000s motivated Petrobras to start new
projects in the biofuel segment. In biodiesel, Petrobras started investing after the approval
of the legal framework for the production and sale in Brazil. In December 2004, the federal
government launched the National Program for the Production and Use of Biodiesel (PNPB),
with the tax model for the new fuel and the mechanisms for including family farming in the
production of raw materials. In the following year, Law No. 11,097/2005 introduced biodiesel
into the Brazilian energy matrix. The mandatory addition of biodiesel to diesel oil came into
effect in January 2008, with an initial percentage of 2%.

To achieve the biodiesel production target, Petrobras made investments in 2006 in three
biodiesel production plants in the states of Ceara, Bahia and Minas Gerais. In July 2008, the
first refinery was inaugurated, in Candeias (BA). The second biodiesel plant started producing
in Quixada (CE) in August 2008. In January 2009, the Montes Claros Plant (MG) started
production. The three refineries were designed with the same production capacity, with a
total of 170 million liters of biodiesel/year. In 2008, Petrobras created the company Petrobras
Biocombustivel to consolidate all initiatives related to biodiesel and ethanol and to establish
partnerships with biofuel manufacturers. In this context, Petrobras created a program for
the development of the regional agricultural market, with the objective of guaranteeing raw
materials to produce biodiesel, which mainly uses soybean oil. Contracts for the purchase of

vegetable oils were signed with small farmers and industrial producers®.

In 2010, Petrobras produced around 11 thousand barrels/day, 10% of the Brazilian
consumption. In the following year, the biodiesel production capacity increased, with the
acquisition of 50% of the company BSBIOS Marialva Biodiesel Sul Brasil ®. In 2012 Petrobras
was one of the five largest biodiesel producers in Brazil. Petrobras has also started to use

Residual Oils and Fats (OGR - used cooking oil), in its biodiesel plants ®

Investments in ethanol were made in 2010, taking advantage of the company's available
infrastructure for the distribution of ethanol in Brazil and for export. The first investment was
made in association with Tereos International, a Brazilian subsidiary of the Tereos Grupo,
from France, with investments of US$ 909 million in the acquisition of a 45.7% stake in Agucar
Guarani S.A., the fourth largest sugarcane processor in Brazil. Investments of US$ 244 million
followed in the acquisition of a 49% stake in Nova Fronteira Bioenergia S.A., in partnership
with Grupo Sao Martinho, to operate and expand production at the Boa Vista and SMBJ
Agroindustrial S.A. plants. Petrobras also invested in Biooleo Industrial e Comercial (production
of castor oil, semi-refined cotton, and soybean oil), Bambui Bioenergia and Total Agroindustria
Canavieira S.A.®

(D Petrobras. Relatorios anuais Form 20F, 2007 a 2018. Available in: < https:/www.investidorpetrobras.com.br/apresentacoes-
relatorios-e-eventos/relatorios-anuais/>. Accessed May 03 2022.

(@) Petrobras. Relatorio anual Form 20F, 2009, p. 69. Acesso em: 03 maio 2022.

(3 Petrobras. Fatos e Dados, 02.07.2014. < https:/petrobras.com.br/fatos-e-dados/petrobras-biocombustivel-produzira-mais-
biodiesel-a-partir-de-oleo-de-cozinha-usado.htm>. Accessed: May 02 2022.

(@ Petrobras. Relatorios anuais Form 20-F, 2009/2010.
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Petrobras also invested in five wind farms (Mangue Seco 1, Mangue Seco 2, Mangue Seco 3,
Mangue Seco 4 and Macau) in Rio Grande do Norte, with 106 MW of generating capacity, two
small hydropower plants and one solar power plant, UFVAR v

Withdrawal from the renewable energy segments

In the 2014-2018 Petrobras Business Plan, the expansion of ethanol and biodiesel production
was one of its main goals. In 2014, the company produced 17% of the total biodiesel
consumed in Brazil. However, the financial crises following the corruption scandals forced the
company to adjust its plan in 2015, focusing investments on pre-salt oil projects.

The state-owned company defined a broad program of asset sales to reduce debt and to
focus on Exploration and Production of oil and gas. In 2016, it decided to exit from the biofuels
production, a segment in which it had been making losses since 2013?.

In December 2016, Petrobras sold its share (46%) in Guarani ethanol plant for US$202 million.
It was followed by the sales of Nova Fronteira in 2017. In 2019, Petrobras has made four sales
operations of its participation in: Belém Bioenergia, sold to Galp Bioenergy; BSBios Biodiesel
Sul Brasil S/A; Biodleo Industrial e Comercial S.A. (Biodleo) held by PBio (6.07%); and
Complexos Bioenergéticos S.A. (PCBios). In 2020, Petrobras sold Bambui Bionergia. With the
divestments, the state-owned company reduced its participation in the Brazilian production of
biodiesel to 6%.

In April 2021, it finalized the sale of its stakes in the 4 Mangue Seco wind farms.

Perspectives for Petrobras in Renewable Energy

Petrobras exit from renewable energy production was motivated by the need to adjust debt
indicators, after the credibility crisis in 2014-2015. Due to the portfolio adjustment and the
increase in oil prices, the current financial situation is significantly better. The company gross
debt reduced from US$ 132.2 billion, in 2014, to US$ 58.7 billion, in 2021 % . In 2021, Petrobras
profit reached US$ 21.2 billion.

The new financial context allows the company to review the role of renewable energy on
its strategy, to reposition the company in the energy transition process. Most if not all the
international oil companies are transforming themselves into energy companies and Petrobras
should follow the same trajectory.

Some recent actions indicate a return of Petrobras to renewable energies, focusing on new
technology segments such as renewable diesel, Bio Jet Fuel and Hydrogen. Renewable
diesel is an alternative to Biodiesel. It is produced from vegetable oil, to be used in higher

(D Petrobras. Relatorio anual Form 20F 2015, p.6-74. . Accessed: May 06 2022.
(@) Petrobras, Relatério Form 20-F, 2016, p. 113. Accessed: May 07 2022.
(3 Petrobras. Relatorios Form 20F 2015/2021. . Accessed: May 06 2022.
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concentrations in the mix with traditional diesel and even as a standalone fuel for diesel
engines @' Bio Jet fuel is considered an essential way to advance in decarbonization of
transport, and the International Civil Aviation Organization (ICAQ) requires its use from 2027%.
Renewable diesel and Bio Jet fuel are mentioned as part of Petrobras strategy in the 2020-
2024 Business Plan.

In the 2022-2026 Business Plan, Petrobras has planned US$ 600 million of investment on
biorefinery, to produce renewable diesel, bio jet fuel. The company also started R&D projects
for biobunker (fuel for ships) and other new renewable energy technologies o

The company is considering investing in the hydrogen segments and in nuclear, wind and
solar energy generation, to improve its positioning during the energy transition.

(D Petrobras. Fatos e Dados < https:/petrobras.com.br/fatos-e-dados/petrobras-se-prepara-para-futuro-do-mercado-de-refino-
e-gas-natural.htm#:~:text=0%20BioQAv%200u%20bioquerosene%20de,obrigatoriamente%20a%20partir%20de%202027>.
Accessed: May 09 2022.

() Petrobras. Fatos e Dados. “Petrobras se prepara para futuro do mercado de refino e gés natural”. 23.09.2020.< https:/petrobras.
com.br/fatos-e-dados/petrobras-se-prepara-para-futuro-do-mercado-de-refino-e-gas-natural.htm#:~:text=0%20BioQAv%20
ou%?20bioquerosene%20de,obrigatoriamente%20a%?20partir%20de%202027>. Accessed: May 04 2022.

(3 Petrobras. Plano Estratégico 2022-2026. <https://api.mziq.com/mzfilemanager/v2/d/25fdf098-34f5-4608-b7fa-
17d60b2de47d/6d98b296-503¢-53cc-1f9¢-153a904e8066%0rigin=1>. Relatorio anual Form 21, p. 15/164. Accessed: May 04 2022.
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lll. Green Energy Development: Strengths and Weaknesses

3.1 Chinese Perspective

3.1.1 Positive Policy Environment Guarantee the Development

In the 1990s, the Chinese government formulated an outline for the development of renewable
energy and also started to promote renewable energy through legal means and economic
incentive policies, but the country was still in the initial stage of exploration.

Until the period of the "Eleventh Five-Year Plan"(2006-2010), with the profound evolution of
the global energy situation, China's energy policy was adjusted to "adhering to the priority of
conservation, based on domestic, diversified development, relying on science and technology,
protecting the environment, strengthening international mutually beneficial cooperation,
and striving to build stability, economy, a clean and safe energy supply system supports
sustainable economic and social development with sustainable energy development" v

In order to standardize and promote the development renewable energy, China has further
improved its energy policy system and listed renewable energy as one of the priorities of
energy construction during the "Eleventh Five-Year Plan" period. China's energy consumption
per unit of GDP decreased by 19.1% during that period, and the utilization rate of non-fossil
energy increased to 8.3%. At the same time, the national Chemical Oxygen Demand (COD)
emissions decreased by 12.5% and sulfur dioxide emissions decreased by 14.5%. Since
then, the Chinese central government's "Twelfth Five-Year Plan" has clearly put forward
the goal of "green development, building a resource-saving and environment-friendly
society", pointing out that "in the face of increasingly intensified resource and environmental
constraints, it is necessary to strengthen the concept of low-carbon development, focus on
energy conservation and emission reduction, improve the incentive and restraint mechanism,
accelerate the construction of resource-saving and environment-friendly production and
consumption models, enhance sustainable development capabilities, and improve the level of
ecological civilization”. @

As China has entered the stage of accelerated heavy industrialization, sustainable energy
use has become the key point to safeguarding the interests of national development. Since
the 18th National Congress of the Communist Party of China, various regions and relevant
departments have formulated a series of policies and measures on green energy and low-
carbon development, and have achieved remarkable results in promoting the development
and utilization of clean energy®.

The main goals and directions of the development of the energy industry provide important
references for relevant institutions and enterprises to formulate development policies. In 2019,
the National Development and Reform Commission of China issued the 2019 Catalogue for

(D “China's Energy Situation and Policy", http://www.nea.gov.cn/2011-08/22/c_131065968.htm
@) http://www.gov.cn/xinwen/2021-03/13/content_5592681.htm
(® http://www.gov.cn/zhengee/2020-12/21/content_5571916.htm
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the Guidance of Industrial Structure Adjustment(D, which clearly proposed to encourage the

utilization of solar energy, wind energy, ocean energy and geothermal energy. It emphasizes
technology development and equipment manufacturing and encourage the development of
production in the field of related machinery and equipment v

In May 2020, based on the "Renewable Energy Law" and drawing on international experience,
China's National Energy Administration issued the "Instructions on Establishing and Improving
a Long-term Mechanism for Clean Energy Consumption and Consumption’, trying to establish
and improve a guarantee mechanism for renewable energy power consumption and to solve
the problem of the delivery and consumption of hydropower, wind power and photovoltaic
power during the utilization. In 2021, the NEA issued "Instructions on Accelerating the
Development of New Energy Storage" @ , proposed that it is necessary and important to
build a clean, low-carbon, safe and efficient energy system to archive the goal of the carbon
peaking and carbon neutrality. By 2025 China will realize the transformation of new energy
storage from the initial stage of commercialization to large-scale development.

In order to implement the relevant requirements of the "Guidance on the Complete, Accurate
and Comprehensive Implementation of the New Development Concept and the Carbon
Neutralization of Carbon Peaking" and the "Carbon Peaking Action Plan before 2030", the
NEA released in 2022 the “On Improving Energy Green and Low-Carbon Transformation
Institutions, Mechanisms and Policies” @, which proposes to improve the coordinated
promotion mechanism for the implementation of the national energy strategy and plan, to
improve the system and policy system to guide green energy consumption and to establish
a green and low-carbon-oriented new mechanism for energy development and utilization,
especially to complete the construction of new operation mechanism for Power Systems, to
improve the Clean and Efficient Development and Utilization Mechanism of Fossil Energy, to
improve the safety and supply system for green and low-carbon of energy, and to establish a
scientific and technological innovation system to support green and low-carbon transformation
of energy, to establish a fiscal and financial policy guarantee mechanism to support the
transformation of energy, to promote International cooperation on green energy and low-
carbon transition.

The "Energy Technology Revolution Innovation Action Plan (2016-2030)", jointly issued by the
National Development and Reform Commission and the other relevant departments indicated
that to promote technological innovation in energy intelligent production, focusing on the three
major sectors of renewable energy transmission, consumption and supervision.

In the field of energy industry planning, the Chinese government has formulated a number
of specific plans and put forward development requirements for various fields involved in

@ https://zfxxgk.ndrc.gov.cn/web/iteminfo.jsp?id=18453, effective in 2020 and revised in 2022
@) http://www.gov.cn/xinwen/2019-11/06/content_5449193.htm

() http://zfxxgk.nea.gov.cn/2021-07/15/c_1310079331.htm

@ http:/zfxxgk.nea.gov.cn/2022-01/30/c_1310464313.htm
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green energy. In June 2014, the state issued the "Energy Development Strategic Action Plan
(2014-2020)", which clearly stated that by 2020 the installed capacity of nuclear power should
have reached 58 Gigawatts, and the capacity under construction would reach more than
30 Gigawatts; Conventional hydropower installed capacity reaches 350 million kilowatts;
the installed capacity of wind power would reach 200 million kilowatts, and the on-grid
price of wind power and coal power is similar; the installed capacity of photovoltaics would
reach about 100 million kilowatts, and the price of photovoltaic power generation would be
equivalent to the sales price of the grid; the scale of geothermal energy utilization would reach
50 million tons of standard coal.

The “Thirteenth Five-Year Plan for Electric Power Development" proposes specific
development goals for six aspects: supply capacity, power supply structure, power grid
development, comprehensive regulation capacity, energy conservation and emission
reduction, and electricity guarantee for people's livelihood. The installed capacity of solar
power generation should reach more than 110 Gigawatts, the installed capacity of Biomass
energy generation should be about 15 gigawatts, and the installed capacity of nuclear power
should reach 58 gigawatts. In addition to those comprehensive policies, the government has
also issued a series of implementation plans and guidelines for wind energy, nuclear energy,
solar energy, biomass energy, etc., and has basically covered the energy industry, especially
green energy industry development policies.

In the field of international cooperation in promoting green and low-carbon transformation
of energy, the Chinese government proposed to actively promote green and low-carbon
transformation and development cooperation in global energy governance. Build and operate
the "Belt and Road" energy partnership and the International Energy Transformation Forum,
and strive to play a better role in the global green and low-carbon transformation process.
Relying on cooperation platforms such as China-Arab League, China-AU, China-ASEAN,
China-Central and Eastern Europe, and the Asia-Pacific Economic Cooperation (APEC)
Sustainable Energy Center, China will continue to support clean and low-carbon energy such
as renewable energy, nuclear power, and hydrogen energy cooperative training of relevant
technical talents, carrying out capacity building, policy, planning, standard docking and
talent exchange. Improve the level of cooperation with international organizations such as the
International Energy Agency (IEA) and the International Renewable Energy Agency (IRENA),
and actively participate in and guide multilateral organizations such as the United Nations,
G20, APEC, the BRICS, and the Shanghai Cooperation Organization. Cooperation on green
energy and low-carbon transformation will make full use of international factors to promote the
green and low-carbon development of domestic energy. Implement the catalogue of industries
that encourage foreign investment, improve relevant support policies, and attract and guide
foreign investment in clean and low-carbon energy industries. The Chinese government will
continue to improve the incentive mechanism to encourage foreign investment to integrate into
China's clean and low-carbon energy industry innovation system, strictly protect intellectual
property rights, promote the establishment of an international cooperation platform for clean
and low-carbon energy technology innovation, support multinational companies to set up
clean and low-carbon energy technology joint R&D centers in China, and promote clean and
low-carbon energy technology.
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The Chinese government always attaches great importance to and supports the coordinated
development with other countries, seeks common benefits, explores the establishment of
multilateral and bilateral green energy economic development cooperation mechanisms, and
realizes cooperation in green energy projects on the basis of "co-consultation, co-construction
and sharing', and realizes energy advantages.

3.1.2 Technologies Innovation Brings New Impetus

In recent years, China has actively developed solar energy and wind energy, which has
achieved certain scale effects. With the development of a new generation of information
technology, the integration and application of new energy will further promote the development
of China's new energy industry and bring stronger technical support for the promotion and
application of green energy. China's nuclear energy and hydrogen energy have formed a
relatively complete industry chain, which is conducive to promoting intensive cultivation in
depth on the basis of stabilizing industrial development. China has gradually established a
nuclear power industry system that matches the pressurized water reactor nuclear power
plant, and has a number of large and professional nuclear power equipment, manufacturing
enterprises and many large and medium-sized nuclear power plant auxiliary equipment
manufacturing enterprises of different scales. In the field of hydrogen energy, more than 190
special policies for the hydrogen energy and fuel cell industries have been issued by 25
provinces, municipalities and autonomous regions across the country. The main technologies
and production processes such as hydrogen energy preparation, storage and transportation,
fuel cell system integration, and hydrogenation facilities have been continuously improved.
Hydrogen energy has gradually moved from demonstration applications to large-scale
promotion, and the industrial chain has been continuously improved. The hydrogen energy
industry in the three major regions of the Yangtze River Delta, the Pearl River Delta and the
Bohai Rim has begun to take shape. Suzhou, Foshan, Wuhan, Chengdu and other places
have gathered many hydrogen energy companies and R&D institutions, and the development
of the entire industry chain is in good shape. In general, China has basically built a relatively
complete hydrogen energy industry chain covering hydrogen production, storage and
transportation, filling and application.

Since 2020, China has accelerated the deployment of 5G networks. The major operators
have successively released 5G construction plans, building a total of 500,000 5G base
stations, covering all cities above prefecture level Yin the country. With the 5G communication
technology, more intelligent upgrades and transformations can be achieved in the electric
power field and new formats will be presented in terms of applications, while big data
applications can collect, store, analyze and process a large amount of information data,
and process power transmission more efficiently. China's cloud computing market is in a
stage of rapid development, and the continuous maturity of technologies such as containers
and micro services is driving the transformation of cloud computing. With the continuous
expansion of application scenarios of cloud computing, the application of cloud computing

(D In terms of China’s administrative divisions, cities directly under the jurisdiction of provincial administrative regions and at the
same level as the regions.
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has penetrated into traditional industries such as new energy, government, finance, industry,
transportation, and logistics. The Internet of Things is an important foundation for the national
strategy and it plays an important role in promoting the upgrading and optimization of the
national industrial structure. The Internet of Things is a highly integrated and comprehensive
application of a new generation of information technology, which is of great significance to a
new round of industrial transformation and the green, intelligent, and sustainable development
of the economy and society; the smart new energy platform integrates the new generation of
information technology with energy production, transmission, and storage, consumption and
the energy market are deeply integrated and developed.

In April 2015, the Central Committee of the Communist Party of China and the State Council
issued the "Guidelines of the Central Committee of the Communist Party of China and the
State Council on Accelerating the Construction of Ecological Civilization", proposing the
establishment of systems such as energy conservation and carbon emission trading. The
"Overall Plan for the Reform of Ecological Civilization System" issued in September 2015, and
clearly proposed to establish a green financial system and promote green credit. In March
2016, the outline of the "13th Five-Year Plan" clearly stated that a green financial system
should be established, green credit and green bonds should be developed, and a green
development fund should be established. China has made new progress in green funds,
green stock indices, green bond indices, green bond certification and disclosure, green rating
methods, environmental stress tests, carbon financial products, and international cooperation.
The scale of the green financial market is growing, the participants in the market are becoming
more diversified, and various green financial products and their derivatives are constantly
developing and innovating. In August 2016, the "Instructions on Building a Green Financial
System" issued by the People's Bank of China and other seven ministries and commissions.
It provides financial services for project investment and financing, project operation, risk
management and etc in the fields of environmental protection, energy conservation, clean
energy, green transportation, and green buildings. Therefore, 2016 is also known as the first
year of green finance in China and the green finance mainly includes investment loans and
loan guarantees, low-interest loans, industrial financial replication, industrial development
funds, and green funds. Relevant entities are not limited to large entities such as banks and
fund companies. Some institutions have tried to accurately identify green projects through
various new channels, and provide unsecured credit loans to small and micro enterprises.
By accurately and scientifically identifying whether the upstream and downstream core
enterprises of the industry are green, small and micro enterprises and green enterprises are
encouraged to carry out economic activities, and the downstream of the industrial chain is
guided to focus on the circulation or manufacturing of green commodities.

3.1.3 Characteristic Economy Boosts the Demand

In 2018, China and 17 countries issued the Joint Ministerial Declaration on Building the
“Belt and Road” Energy Partnership v , which provides a new way to build a closer energy

(D Brazil has not yet joined the Belt and Road Energy Partnership
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community with a shared future and promote the green and sustainable development
of international energy. Since then, it has successfully held two “Belt and Road” energy
partnership forums and several senior officials’ consultations, building a high-quality platform
for bilateral and multilateral project cooperation and technical exchanges for member states.
In 2019, the member states jointly released the Belt and Road Energy Partnership Cooperation
Principles and Practical Actions. At the same time, the partnership was also officially included
in the Joint Communiqué of the Roundtable Summit of the Second Belt and Road Forum for
International Cooperation ©" The mentioned Communiqué focuses on green energy project
investment, and to strengthen capacity building and technology in the green energy field.

In February 2022, China successfully hosted the 24th Winter Olympic Games. The Beijing
Winter Olympics relies on the comprehensive management and bold application of green
energy. It shows a new look of green, inclusive, open and clean. The successful experience of
the Green Winter Olympics is inseparable from China's vigorous development of new energy
and circular economy, as well as the promotion and application of low-carbon technology
research and development. All competition venues of the Beijing Winter Olympics are
powered by 100% clean energy, and it is the first time in the world that hydrogen fuel cell
buses are used in large quantities to serve sports events. "Micro-fire" has become the main
torch of the Winter Olympics, "green electricity" lights up the Winter Olympics venues, new ice-
making technology creates the "fastest ice", and temporary facilities can still be reused after
dismantling; green finance runs through the preparation and holding of the Winter Olympics.
The Beijing Winter Olympics' pursuit and efforts towards clean energy demonstrate the
confidence and attitude of the Chinese government to vigorously develop the clean energy
industry and actively fulfill its responsibility as a major country in reducing carbon emissions.
Taking the Winter Olympics as an opportunity, it will focus on technological breakthroughs
and explore new energy sources. The new integrated path of large-scale transmission, grid
connection and consumption fully demonstrates the potential of new energy applications,
and is also conducive to promoting the industrialization of new energy, accumulating valuable
experience for low-carbon energy transformation.

3.1.4 Unbalanced Development of Chinese Energy Industry

China's resource endowment, the regional distribution and the energy mix is unbalanced.
High-quality energy sources such as oil and natural gas are scarce, with a low ranking of
proven reserves and high external dependence insufficient supply while coal resources are
abundant. Renewable energy potential is abundant but on a low exploitation standard.

At present, China’s energy mix is still seriously unbalanced. Data from the China Statistical
Yearbook shows that in 2020, coal accounted for 68% of primary energy consumption, while
oil accounted for 7%, and natural gas accounted for 6%. Compared with the world average,
the data show that China’s over-reliance on coal has not been alleviated, and the development
and utilization of clean energy such as nuclear energy is still in the primary stage.

@ https:/breme.obor.nea.gov.cn/
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Despite the continuous increase in production of oil and gas in recent years, there is still a
large gap relative to China's large demand. In 2019, China's foreign dependence on crude
oil and natural gas exceeded 70% and 45% respectively. In 2020, affected by the epidemic,
China's oil and gas production failed to meet expectations. At present, China's gas storage
capacity is about 5.7% of annual consumption, far below the world level of 12% to 15%. Gas
storage facilities still have problems such as generally small scale of LNG receiving stations,
scattered layout, low utilization of land and shoreline resources, and increased costs in
supporting facilities and operating. China is the world's largest energy consumer. With the
continuous economic development, China's energy demand is still growing. From 2010 to
2020, China's energy consumption increased by 54.6%. Energy consumption in 2017 was 3.132
billion tons of oil equivalent, accounting for 23.2% of the total global energy Consumption.®

So far, China's energy consumption has never recorded negative growth, and primary energy
consumption has maintained continuous positive growth. According to the BP World Energy
Statistical Yearbook 2022, China's total primary energy consumption in 2021 was 157.65
Exajoules, ranking first and accounting for 26.5% of the world, followed by the United States
with 92.97 Exajoules, India and Russia ranked third and fourth with 35.43 and 31.3 Exajoules,
respectively, and Europe totaled 82.38 Exajoules. Crude oil consumption maintained a rapid
growth of 7.2%, and natural gas consumption increased by 12.8%. Electricity consumption
increased by 10%, consumption capacity was slightly higher than production capacity, and
energy dependence was high. @

Energy supply and demand are mismatched o According to data released by the National
Bureau of Statistics of China, for the energy production structure in 2019, raw coal accounted
for 68.8%, crude oil accounted for 6.9%, natural gas accounted for 5.9%, and hydropower,
nuclear power, and wind power accounted for 18.4%“ . In 2019, China imported 505.72 million
tons of crude oil, with a year-on-year increase of 9.5%, and 96.56 million tons (about 133.3
billion cubic meters) of natural gas, with a year-on-year increase of 6.9%.

As the productivity of China's energy resources is gradually highly concentrated in the
advantageous resource areas, the pattern of energy supply and demand mismatch will be
further manifested. In the distribution of energy resources, coal production capacity is highly
concentrated in Shanxi, Xinjiang, Inner Mongolia and Shaanxi provinces, accounting for more
than 70% of the country's total production capacity; oil and gas, coal power, and hydropower
resources are concentrated in the western region; new energy such as wind power and
photovoltaics concentrated in the northern region. In terms of demand, the eastern region
has a large energy demand, and the most economically developed coastal areas, including
provinces with large GDP such as Hunan, have a very high industrial demand for thermal
coal. However, these areas lack energy resources and require coal transportation from north

(D BP, World Energy Statistics 2019 , 2020.

(@) BP, World Energy Statistics 2019 , 2022

(3 Energy development trends and challenges, Chinese Energy. July 2021, Y. Jing Zhu.
@ http://www.cinic.org.cn/sj/sdxz/shengchanny/817661.html

58



Green Energy Development and Cooperation among Emerging Economies - "I"I
China - Brazil Cooperation as an Example

to south, cross- regional energy resource allocation such as West-to-East Power Transmission
and West-to-East Gas Transmission to meet load demand. Under the energy "dual control"
and total coal consumption control, limited by transportation capacity, these areas with scarce
energy resources and high load demand are prone to "power cutoff" during peak energy
consumption hours. On the other hand, there are obvious problems of coordination among
various energy sources, which are not conducive to the construction of an effective modern
energy system, and there are institutional mechanisms and policy support problems in
coordinating and optimizing the development of coal, oil and gas, electricity and new energy.

3.1.5 Green Energy Development Level Needs to be Improved

As the second largest energy producer and consumer in the world, China has adjusted its
energy consumption structure to a certain extent, but there are still many problems. For a long
time, coal has been the main energy source. The proportion of total consumption of crude
oil and natural gas is relatively small. In the process of transition from coal to oil, there are
problems such as low utilization rate.

Legislative support needs to be further improved. In pursuit of high-quality energy
development, China must establish a comprehensive energy market system integrated with
the auxiliary service market. China's current energy system still has the contradictions of
low quality, and the supervision system is not yet perfect. The energy price mechanism and
fiscal and taxation policies need to be improved, and the resource consumption tax is not
comprehensively set.

China has a large green trade deficit and a high dependence on the European and American
markets. Take the production of photovoltaic modules in China as an example, 95% of the
production orders are still from foreign manufacturers. In addition, after the financial crisis, the
demand in important markets such as Germany, Spain and Japan dropped sharply, and trade
protectionism began to appear. To a certain extent, financial subsidies from these countries
for new energy have been reduced, and green trade barriers have been set up in many ways,
affecting the development of domestic new energy industry.

Insufficient technological innovation capability. The level of energy research, especially basic
research, is still weak, and the investment and research of cutting-edge technologies such
as hydrogen energy and fuel cells are limited, which is not enough to realize the leap-forward
development of green transformation.

3.1.6 Remaining Obstacles for Integration with International Standards

Although China has formulated the "Renewable Energy Law of the People's Republic of
China" and "Interim Measures for the Administration of On-grid Electricity Price and Expense
Allocation for Renewable Energy Power Generation', the legal system is still incomplete and
the legal design is relatively rough. China should improve the strategic, forward-looking and
operability of energy green development, and provide solid legal guarantee for China's energy
transition.

The government should lead the formulation of new energy strategies, overall plans for new
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energy development, new energy legislation, and new energy development support systems,
especially in the early stages of new energy development. The governments of the United
States and Japan have launched state-led new energy technology and technology promotion
projects. The EU has also set relatively unified new energy development goals for member
states, striving to establish a unified new energy market in the EU. China should strengthen
the role of the government in the process of transition to new energy, and coordinate the
development of new energy in various regions, so as to improve China's comprehensive
competitiveness in the transition to green energy.

The new energy industry will probably lead the development direction of the world economy
and drive new changes in human society. Most of the G20 countries have set targets for the
proportion of green energy in electricity consumption. China should actively integrate the
resources of enterprises, research institutions and government, formulate and implement
medium and long-term R&D plans for green energy technology, launch large-scale national
scientific research projects, and carry out extensive international cooperation, and strive to be
in line with international standards in new energy technology.

Another key issue is how renewable energy can adapt to the development trend of energy
digitalization and intelligence. From the perspective of energy, there is a global trend
from resource dependence to technology dependence; technological progress has given
renewable energy a competitive advantage. At present, the technical development of China's
green energy industry is insufficient, which limits the application of renewable energy and
the richness of application scenarios. Although China has made a lot of achievements in
digital development, it still lacks experience in international operations, especially in the field
of localization. China can consider promoting the scientific and efficient development of the
energy industry, while meeting the needs of the international market.

3.1.7 Strength and Weakness in Industries

In 2011, China and Brazil signed a joint communiqué covering cooperation in a variety of
fields, especially in the energy sector, and expressed their willingness to further deepen
cooperation in the fields of oil trade financing, oil and gas exploration and development,
electric power, energy equipment, peaceful use of nuclear energy, biofuels and other new
energy sources, and further explore new areas of energy cooperation. In February 2012, the
two sides signed the Joint Action Plan and officially launched the 10-year cooperation plan.
At the same time, with the blessing of the BRICS energy cooperation mechanism, the energy
cooperation between China and Brazil has achieved remarkable results. Most of the Chinese
companies' investment in Brazil is concentrated in the renewable energy sector, which is
related to the investment opportunities and market potential in Brazil, as well as the strength of
China's supply chain and financing.

Solar energy

China is rich in solar energy resources, and the annual radiation in more than two-thirds of
the country is more than 5.02 million kilojoules / square meter. Although most of China's solar
photovoltaic enterprises are small and medium-sized enterprises, they have a high technical
level and strong comprehensive strength, and have trained a large number of chemical and
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energy professionals, and have reserved sufficient human resources for the development
of new energy. At present, the main difficulty of development is the technical bottleneck in
the technical level, which is still at the low end of the international photovoltaic industry. Most
of the raw materials for photovoltaic power generation still depend on imports, the level of
polysilicon production technology is not high, and the technological breakthrough has not yet
been realized.

Despite its late start, Brazil has unique strengths in this sector. Most of Brazil's territory
is located in the tropics, with long hours of sunshine and great potential for solar power
generation. As an important photovoltaic raw material, Brazil is also rich in reserves. In
addition, Brazil attaches great importance to environmental protection and the relevant
regulations are very strict. As a clean energy, photovoltaic power generation has a small
impact on the environment and is easy to promote. On the other hand, with the rapid
development of global photovoltaic power generation in recent years, more new technologies
and new materials have been used, and the cost has gradually decreased, which has also
created conditions for the development of photovoltaic power generation in Brazil. Because
of the advantages of high production efficiency, low cost and convenient logistics, Chinese
companies are currently in a leading position in the field of solar energy manufacturing.
Chinese companies can provide cost-effective all-round services for PV projects in Brazil.

Hydrogen energy

Hydropower occupies an important position in China's power structure, and has obvious
advantages. It is mainly characterized by clean and environmental protection, priority access
to the power grid, low electricity price, relative stability, low cost, strong competitiveness, easy
peak shaving and energy saving. The world's largest hydropower station - the Three Gorges
Hydropower Station is located in China, in addition to various types of hydropower stations
of different scales, it is also unique in the international hydropower field, with a high-level
management and operation team and rich and skilled construction experience, with a total
of 18,900 hydropower station-related enterprises in the country, mostly concentrated in the
southern coastal provinces and cities.

China is developing pumped storage power stations with an installed capacity of more than
20 million kilowatts and an investment scale of more than 100 billion yuan. Pumped storage
is the most mature large-scale energy storage mode at present, which has the advantages
of peak regulation, frequency modulation, phase modulation, energy storage, multi-function,
super capacity, simple system, economic reliability, ecological protection, and etc. It can
effectively ensure the safe and stable operation of power system and improve the level of new
energy utilization.

Nuclear Energy

Nuclear power, like solar and wind power, does not produce a large amount of greenhouse
gas emissions during operation, and the carbon emissions of nuclear power are even
lower than those of other clean energy power generation. However, solar power and wind
power generation are affected by seasonal and weather factors, with the characteristics
of intermittent power generation, the stability of power supply is relatively poor, compared
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with them, nuclear power can almost perfectly avoid factors such as seasons and weather,
and has obvious advantages of all-weather power generation. In addition, as a low-carbon
and efficient large-scale base-load power source, nuclear power has a high utilization hour,
low cost of electricity, and does not emit atmospheric pollutants such as sulfur dioxide,
nitrogen oxides and soot particles. Since nuclear power has the above clean and low-carbon
characteristics, nuclear power will inevitably become one of the important options for the
world's energy transition from high emissions and high pollution to clean and low-carbon
energy.

However, the safety of nuclear power is one of the most important issues for the development
of the industry, so the nuclear power industry has high administrative entry barriers, technical
barriers and financial barriers. There have been many major nuclear accidents in history, but
the main causes are basically caused by improper human operation and flaws in the design
of nuclear power plants. In 2021, CNNC and China General Nuclear Power Corporation
developed the Hua Long NO.1 based on 30 years of experience and lessons learned from the
Fukushima nuclear accident in Japan, and like the United States (AP1000) and France (EPR2),
they also mastered the third-generation nuclear power technology. Due to the particularity of
the nuclear power industry, China's nuclear power projects (except demonstration projects
and research reactors) officially approved by the State Council are all operated by China
Nuclear Power, China General Nuclear Power and State Power Investment Corporation before
2020. Among them, the market share of China's installed nuclear power capacity reached
42.3%, and the market share of CGN installed capacity reached 42.5% (excluding joint
ventures), and the above two companies are the two leading nuclear power operations in
China.

Biomass

Although China's biomass energy is rich in resources and has great development potential,
it accounts for a very low proportion in the energy consumption structure, and it is difficult
to become a "mass energy". At present, China's biomass energy utilization methods mainly
include biomass power generation, bio-liquid fuel, biomass molding fuel, biomass gas
and biological hydrogen production technology. Biomass energy resources are relatively
abundant, but the proportion of total energy consumption is relatively low. From the
perspective of installed capacity, by the end of 2021, the cumulative installed capacity of
biomass power generation in China reached 37.98 million kilowatts, accounting for 1.6% of the
total installed power generation capacity. In China's biomass power generation structure in
2021, waste incineration accounted for about 61.2%, agricultural and forestry biomass power
generation accounted for about 35.5%, and biogas accounted for about 3.3%.

In addition to the fact that biomass energy cannot be widely used in China, there are also
disadvantages of uncontrollable costs, for agricultural and forestry biomass power generation
enterprises, fuel costs account for more than 60% of their operating costs, and the production
and operation conditions are indeed difficult to maintain. Briefly, in China, the ecological
and environmental value of bio-power generation has not yet been fully reflected, the
industrial structure has not reached a basic balance. Brazil is a global pioneer in promoting
the development of the bio-fuel industry, and has solved a series of key technical and
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industrialization problems in the development and utilization of bio-liquid fuels such as fuel
ethanol. In the future, China can increase cooperation with Brazil in the field of biomass liquid
fuels, such as breakthroughs in second and third-generation fuel technologies, to achieve
complementary advantages and promote mutual benefit and win-win results.

3.2 Brazilian Perspective

This session presents the strengths and weaknesses for the development of green sources in
Brazil. The main Brazilian strength for the promotion of green energy sources is the availability
of resources. Natural conditions imply stable and frequent winds for wind generation, high
solar insolation and diversity of biomass sources. The main weakness stems from late
development in relation to the pioneering countries. In this way, the country sought to structure
the production chain and develop technology compared to countries that already have a
consolidated industry.

3.2.1 Solar Energy

Strengths

Solar energy experiences some advantages in Brazil. They result from weather features and
from the industrial capacity:

(i) Wide network of integrator companies and equipment suppliers;

(i) High incidence rates of solar radiation, including during winter, in practically

the entire national territory;

(iii) Panels are ease to operate and the need for operation and maintenance is low.

Weakness

(i) One usual weakness of solar power is intermittence and the required infrastructure. Hybrid
plants with existing projects (Ex.: photovoltaic solar energy in hydroelectric reservoirs or wind
farms), minimizing the need for new works and reducing associated socio-environmental
impacts are recommended;

(i) The equipment supply industry in Brazil does not provide more sophisticated parts
what implies high import levels. It is interesting to stimulate local suppliers to develop new
capabilities on PV module assembly, micro inverters and inverters and batteries;

(iii) The dissemination of DG took place in the higher income classes, due to the financing
capacity. Develop adequate financing conditions for the cash flow for low-income consumers
is a significant challenge;

(iv) Articulation between environmental agencies and government institutions for the recycling
of PV system components is required, encouraging the development of an industrial chain
focused on the logistics of disposal and recycling of such components;

(v) There is a need to regulate the sale of distributed generator surpluses in the free market,
the entry of the hourly price, the possibility of competition in electricity retail and the
participation in ancillary services markets.

63



I"I" III. Green Energy Development: Strengths and Weaknesses

3.2.2 Hydrogen

Strengths

The main competitive strengths identified that show the potential for green hydrogen
production in Brazil are:

(i) Availability of natural resources used for hydrogen production (natural gas, ethanol and
water) at lower costs due to favorable climatic and geographic conditions for large-scale
green H2 production;

(i) Growth of production of photovoltaic and wind energy that can be used to develop green
hydrogen and boost distributed generation in the country, observing the potential for using
green hydrogen as renewable energy storage;

(i) Ease of production flow (extension of the coast) and geolocation considering the distances
between the port of Rotterdam and other potential H2V exporting countries;

(iv) Existence of sectoral representation (ABH2);

(v) Brazil's evolution of natural gas market, from the perspective of the extension of the
pipeline network with the potential for injection or mixing of H2 with natural gas;

(vi) The increasing cost reduction of energy generation from renewable sources with a
forecasted leveled cost of Brazilian green hydrogen would be around ~1.50 USD/kg of H2 in
2030.

Weakness

(i) Lack of pipeline and supply infrastructure to ensure transportation. The current
infrastructure is limited to natural gas and is concentrated in the coastal region;

(i) Existence of regulatory barriers and bureaucracy. Further definition is needed on which
functions will be assumed by which public authorities related to the regulation and use of H2V,
with the development of technical standards on, for example, the mixing of H2 with natural gas
in pipelines;

(iii) Brazil needs to regulate its carbon market to encourage private sector investment in
sustainable energy projects. The Brazil natural gas market evolution occurs without regulatory
provisions that allow the injection of H2 into the network.

(iv) Low growth of the Brazilian economy and high fiscal disequilibrium, with impact on the
volume of public and private investments in H2.

3.2.3 Nuclear

Strengths

Nuclear energy can contribute to complementing the intermittent energy produced in Brazil.
As Brazil has large hydroelectric reservoirs, the production of nuclear energy at the base of
the load curve (with high frequency and low operating costs) helps to keep the reservoirs full
to face periods of low rainfall.

Weakness

(i) As the cost of capital is high in Brazil and the level of investment is low in the country,
the high capital intensity of nuclear power projects is challenging. On average, the portion
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referring to the fixed costs of new nuclear projects is between 73% and 85% of total costs.
Barkatullah and Ahmad (2017) point out that the scale of nuclear energy projects can reach
US$ 9 billion;

(i) There is a history of delays in large electricity generation projects in Brazil, which penalize
capital-intensive sources in Brazil. The case of the Angra 3 project is emblematic;

(iii) Although the country has experience in nuclear energy, the country is not considered a
technological leader in the sector. International partnerships are very important to overcome
this barrier.

3.2.4 Biomass

Strengths

(i) Biofuels contribute to security of supply of fuels, that is a critical issue nowadays;

(i) Biofuels have a long history in Brazil. Its productive chain is already organized and with
high capability;

(iii) Biomass offers an opportunity for reuse of waste, helping to solve an urgent urban problem
(waste disposal) ;

(iv) Cogeneration by sugarcane biomass is complementary to hydroelectric generation, since
the increase in bioelectricity generation occurs during the harvest, a period concomitant with
river dry periods.

Weakness

(i) Brazilian capability in biofuels is mainly focused on traditional technologies. There is a
challenge to migrate to advanced technologies;

(i) Supply varies with seasonality and price volatility;

(iii) Precarious working conditions in the sugarcane production.
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IV. Potential Areas of Bilateral Green Energy Cooperation

4.1 Hydropower

China and Brazil stand out in the use of hydroelectricity and are, respectively, the first and
second countries with the largest hydroelectric capacity in the world. Of the 10 largest
hydroelectric plants in the world, a list that is headed by the Three Gorges and lItaipu plants,
only two are not located in China or Brazil.

Brazil, which consolidated the hydroelectric segment before, and China have a history of
cooperation in the technologies of large dams for the production of electricity and long-
distance transmission lines, essential to enable the use of plants far from consumption
centers.

In the 1980s and 1990s, Brazilian companies that already had a long experience in the
construction of dams participated in the construction of hydroelectric plants in China. In the
Three Gorges hydroelectric plant, Brazilian service companies cooperated with the Chinese
companies that led the construction (BIATO Junior, 2010).

To better understand the recent Sino-Brazilian cooperation in hydro power issues, it is
essential to address the Chinese presence in the Brazilian electricity sector that encompasses
three important aspects: loans, investments and construction projects. As a result, one can
identify the Chinese presence in activities related to energy transmission, local generation,
and distribution.

According to Barbosa, “Brazil's rich resource endowment, necessity to expand installed
capacity and power grid, and favorable market, legal, and policy conditions, aligned with
China’s financial might and technological capabilities, have created an ideal situation for
Chinese firms’ arrival” (2020, p.3). Moreover, it is worth mentioning that Chinese companies
have invested in the sector in which Brazil has abundance of resources and natural
advantage, what justifies the fact that hydro power has received 81% of all generation
investments done in the country.

Notwithstanding the presence of several Chinese firms in the Brazilian energy sector, two
of them stand out: China Three Gorges (CTG) and State Grid. Both address a paramount
importance in the bilateral cooperation efforts that aim to developing the Brazilian hydro
power sector, mainly State Grid due to its presence in Belo Monte, one of the most important
Brazilian hydroelectric, with more than 11 GW of installed capacity.

Due to large geographical distances between supply and demand of energy, long distance
transmission lines are essential to hydro power projects. Both countries developed productive
and technological capacity in this field. Recently, State Grid signed the operation license of
Phase Il of the Brazilian Belo Monte Hydropower +800kV UHV DC Transmission Project, which
has a total length of 2,539 Km and crosses 81 cities in five states in Brazil, being the longest
+800kV UHV DC project in the world and an important innovation applied in the hydro power
sector.
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The transfer of technology to the Brazilian hydro sector by State Grid is a relevant aspect
and it also shows how the cooperation between Brazil and China can be deepened. The
installation of Ultra High Voltage (UHV) transmission lines and smart metering systems can
enhance Brazil’s transmission sector. (Cote, 2014).

In addition, given some negative environmental and social effects generated by the
construction of hydro power plants - changes in water quality, emission of greenhouse gases,
people relocation, and loss of genetic patrimony — Brazil and China could, together, engender
new ways to mitigate these undesirable effects commonly associated to the building of new
dams. Thus, Brazil and China could also cooperate by sharing solutions to environmental
challenges regarding hydropower projects.

4.2 Solar Energy

Solar power has the advantages of simple construction process, strong regional adaptability,
and inexhaustible resources. It is currently a rapidly developing clean energy around the
world. Both China and Brazil have the potential to further development of solar power.

In terms of climate resource, Brazil is a country rich in solar energy, with almost 80% of
territory located in the tropics and more than 50% of the territory being 500 meters above
sea level. The average annual sunshine time in the country is over 3,000 hours and the
total solar radiation on the horizontal surface of the country is between 1,534 kWh/m’ and
2,264 kWh/m2, with an average of about 1,700 kWh/mz, which means a very high development
potential. The central and northeast parts of Brazil are especially abundant in sunlight with a
potential installed capacity of onshore centralized photovoltaic of about 28,519 Gwp v

In terms of the domestic demand, with the adjustment of energy mix in Brazil, solar energy
has broad prospects for development. A critical problem in Brazil's renewable energy matrix
is that it shows an over-reliance on hydropower, which implies a heavy dependence on the
stable precipitation during the year, especially in rainy season from November to March.
As climate change is altering the distribution of global temperature and precipitation, the
country’s renewable energy supply is facing more uncertainty and risks causing by extreme
weather events. Taking May 2021 for instance, Brazil has experienced the worst drought in
its history. Extreme weather without precipitation severely impacted the country’s electricity
system, forcing the authorities to switch to the use of higher-cost thermal power and to import
electricity from neighbors such as Argentina and Uruguay. In addition, due to the increase of
environmental protection around the world, it is becoming more and more difficult to build new
hydropower stations in tropical rainforest areas. But on the other hand, Brazil's urbanization
process and industrial development is requiring more and more power supply. Therefore, for
Brazil it is necessary and urgent to adjust its energy mix to meet the increasing demand. As
Brazil's solar resources is abundant while currently occupied small share of the renewable
energy matrix, it may have great potential for development.

@ http://com.gd.gov.cn/go/article.php?typeid=38&contentld=21450.
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In terms of construction efficiency and cost, according to Brazilian Association of Photovoltaic
Solar Energy (Absolar), in Brazil solar is recognized as a champion in the speed of new
generation plants. It only takes one day of installation to transform a home or business into a
small plant that generates clean, renewable and accessible electricity due to the versatility
and agility of solar technology. And for a large-scale solar plant, it takes less than 18 months
from the auction to the start of electricity generation. As for power generation cost, large solar
plants generate electricity at prices up to ten times lower than emergency fossil thermoelectric
plants or electricity imported from neighboring countries, which are two of the main factors
responsible for the tariff increase on Brazilian consumers v,

In policy terms, according to the 2030 Ten-Year Energy Expansion Plan (PDE 2030, in the
Portuguese acronym) launched by the Ministry of Mines and Energy (MME) of Brazil and
the Brazilian Energy Research Company (EPE), from 2021 to 2030, Brazil plans to achieve
an installed power generation capacity of 236 Gigawatts by 2030, greatly increasing the
installed capacity of distributed power generation, wind power, natural gas, and solar energy,
and reducing the installed capacity of fossil energy power generation, including coal, diesel
and fuel oil @ . In addition, in order to encourage the development of photovoltaic industry,
the Brazilian government has also provided financial support for the import and production
of related modules. In 2020 Brazil government removed import duties on goods including
photovoltaic modules, inverters and solar trackers. Before that, most PV equipment imported
into Brazil was subject to a 12% tariff. The Resolution also stipulated that if "Made in Brazil"
modules are used in photovoltaic power plants, financial support could be obtained from
the national development bank BNDES and other government bodies @ In addition, in
order to support the development of the local distributed photovoltaic market, the Brazilian
government has also abolished the taxation of small-scale solar power generation systems,
and photovoltaic power plants with an installed capacity of less than 1 MW are also exempt
from turnover tax (ICMS) ¥

From the Chinese side, as mentioned above, it is also a country rich in solar energy resources.
Besides, China has accumulated experience and mature techniques through decades of
exploration. The country began to plan the development of the solar energy industry in 2000.
Subsequently, a series of supporting projects such as “Power transmission to the countryside”
and the “Luminosity Plan” were launched to solve the electricity shortage problem of more
than 700 townships in seven western provinces (Tibet, Xinjiang, Qinghai, Gansu, Inner
Mongolia, Shanxi and Sichuan) by way of promoting photovoltaic and wind power. As
mentioned above, these provinces are extremely rich in solar energy resources. And at the
same time, they are also the most underdeveloped regions in China. Therefore, the promotion
of solar power generation in these provinces not only solved the problem of local rural

@ https://www.invt.com/news/brazil-top-15-pv-power-113

@ https://portal.apexbrasil.com.br/regulatory_report/the-ministry-of-mines-and-energy-mme-and-the-brazilian-energy-research-
company-epe-launched-the-2030-ten-year-energy-expansion-plan-pde-2030-in-the-portuguese-acronym-it-will-support-federal-d/
3 https://www.pv-magazine.com/2020/07/22/brazil-eliminates-import-duties-for-cells-modules-inverters-and-trackers/

@ https://www.imsilkroad.com/news/p/460447.html
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electricity consumption, but also drove the economic development of the entire region through
making full use of its resource advantages. The success of these projects have also made
China’s annual installed solar PV capacity transform from kW to MW (Wang Jie et al.,2022)
At present, China is the country with the fastest growing photovoltaic industry and largest
solar photovoltaic industry scale in the world. In some key core technologies of solar power
generation, China has also achieved global leadership. Therefore, the experience of China’s
solar energy industry development could be shared with Brazil, and advanced technology
research could be a focus of cooperation between the two countries.

In terms of domestic demand and policy orientation, China has a huge market of 1.4 billion
people, and is in the transitional stage of state-driven clean energy to replace traditional
fossil energy. Therefore, the Chinese market will have huge demand for solar energy and
other clean energy in the next few decades. In 2020, China proposed its carbon peak and
neutrality goals, that is, carbon dioxide emissions will strive to peak by 2030, and strive to
achieve carbon neutrality by 2060. Power industry is the sector with most carbon emissions
(about 4 billion tons of carbon dioxide emitted in 2020) in China. Thus, controlling carbon
emissions in power industry will be the key to achieve the country’s “30-60 goals” (Deng
Yue, 2021). In 2021, at the ninth meeting of the Central Financial and Economic Affairs
Commission, the requirements for building a new power system in China with renewable
energy as the mainstay were proposed. According to the “14th Five-Year Plan for Renewable
Energy Development” jointly issued by 9 departments including China’s National Development
and Reform Commission and National Energy Administration, from 2021 to 2025 China will
accelerate the green and low-carbon transformation of energy and implement the goals
of Nationally Determined Contribution (NDC). The incremental renewable energy power
generation will account for more than 50% of the total increase in electricity consumption, and
the solar power generation will double .

Based on the above analysis, China and Brazil could carry out in-depth cooperation in the
following two key areas:

Firstly, key technology research to improve the stability and power generation efficiency
of solar power. The advantages of solar power are outstanding. For instance, solar energy
resources are endless and widely distributed and solar power can be used wherever there
is light; solar cell modules are simple in structure, small in size, light in weight, and easy to
transport and install; the photovoltaic power generation system has a short construction
period, and can be large or small according to the power load capacity. However, the
disadvantages of solar power are also prominent. First of all, solar power is greatly affected
by climatic and environmental factors. The energy comes directly from sunlight. Long-
term changes in rainy and snowy days, cloudy days, foggy days and even cloud layers will
seriously affect the status of the power system. Air pollution can also affect its efficiency.
If the particulate matter (such as dust) in the air settles on the surface of the solar cell

@ http://www.gov.cn/zhengce/2022-06/08/content5694539.htm
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module, blocking part of the light irradiation, this will reduce the conversion efficiency of the
cell module, resulting in reduced power generation and even damage to the solar panel.
Secondly, the energy density of solar and the conversion efficiency of power generation are
low. Although the total amount of energy thrown by the sun to the Earth is huge, because most
of the earth’s surface is covered by oceans, the solar energy that can really reach the land
surface is only about 10% of the solar radiation energy that reaches the Earth. The conversion
efficiency of photovoltaic power generation refers to the rate at which light is converted into
electricity. At present, the conversion efficiency of crystalline silicon photovoltaic cells is
13% to 17%, while that of amorphous silicon photovoltaic cells is only 5% to 8% @ The low
conversion efficiency of solar cells is the bottleneck hindering the large-scale promotion of
photovoltaic power generation. Finally, the production process of crystalline silicon, the raw
material of photovoltaic modules, is not environmentally friendly. The main raw material for
crystalline silicon cells is highly pure silicon. In the process of transforming silica sand into
crystalline silicon, it has to undergo multiple chemical and physical processes, which not
only consumes a lot of energy, but also causes environmental pollution. Therefore, scientists
from China and Brazil have a broad space for cooperation in key technical issues such as
improving the stability and efficiency of solar power generation, reducing energy consumption
and pollution in the production of parts and components.

The second area can be photovoltaic related product trade and production capacity
investment. Driven by favorable policy environment, Brazil’'s photovoltaic industry has
achieved rapidly growing installed capacity, which provides opportunities for the two
countries in photovoltaic related product trade. China is an important supplier of photovoltaic
products in the global trade market. According to statistics from the China Photovoltaic
Industry Association, in 2021, its polysilicon, silicon wafer, cell, and module output reached
505,000 tons, 227 GW, 198 GW, and 182 GW respectively, and the output value of these
four parts exceeded 750 billion yuan. The export value of China’s photovoltaic products was
28.43 billion US dollars with a year-on-year increase of 43.9% @ In the first quarter of 2022,
China’s photovoltaic module exports were about US$10.6 billion, with a year-on-year increase
of 122.9%. Among them, exports to Brazil were 1.33 billion US dollars, accounting for 12.6%,
ranking third after India and the Netherlands ® . For China, Brazil is a critical market. With the
implementation of Brazil's domestic renewable energy plan, the future PV trade between the
two countries will continue to expand.

In addition, since the photovoltaic industry is a capital and technology-intensive industry, the
investment cooperation between China and Brazil relying on their respective advantages will
help to improve the efficiency of green energy utilization in the two countries. At present, low-
carbon and environmentally friendly development has become a global trend. China and
Brazil have also introduced relevant policies to support their photovoltaic industry. There are
historical opportunities for the two countries to deeper investment cooperation in solar energy.

(@ https://solar.in-en.com/html/solar-2326665.shtml
@ http://www.gov.cn/xinwen/2022-02/24/content_5675307.htm
(3 http://www.xinhuanet.com/energy/20220510/6abd571f3b5740a784af22ad41bb1585/c.html
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The Chinese government proposed in the Action Plan for the Innovation and Development
of the Smart Photovoltaic Industry (2021-2025) that will actively encourage enterprises to
cooperate with advanced international institutions and enterprises in technology, talent,
capital, and standards in the field of smart photovoltaics, and support enterprises to contribute
to the world’s poverty alleviation and desertification control through the development of
smart photovoltaic power station projects Y Brazil is an important destination for Chinese
PV investment in Latin America. The Chinese company BYD has already set up photovoltaic
power plants in Brazil. The two countries should continue to carry out integrated investment
and cooperation in the whole industry chain including power station investment, construction
and operation. This will not only help make up for the local electricity supply gap and reduce
electricity prices, but also help create new employment opportunities and promote the green
recovery of economy in the post-epidemic period.

4.3 Wind Power

Wind energy has been one of the fastest-growing renewable energy sources in the world, driven
strongly by discussions of climate change and the consequent reductions in greenhouse gas
and other polluting gas emissions. Both Brazil and China take wind energy as a promising clean
energy source. According to the Ten-Year Energy Expansion Plan issued by the Energy Research
Company (EPE in its Portuguese acronym), a subsidiary of the Brazilian Ministry of Mines and
Energy, the Brazilian government plans to attract more than 300 billion reais of investment
between 2020 and 2030 for the construction of power points, including new investment in wind
and photovoltaic power accounted for more than 50% @ By 2029, Brazil aims to generate a
third of its new generation capacity from wind. As of 2019, Brazil's installed wind power capacity
reached 15.4 gigawatts. And a recent assessment predicts that the local wind power potential
is as high as 880 gigawatts o According to the 14th Five-Year Plan for Renewable Energy
Development issued by the Chinese government, China pledged to strive to peak carbon dioxide
emissions by 2030 and to achieve carbon neutrality by 2060. The total installed capacity of wind
power and solar power will reach more than 1.2 billion kilowatts in 2030. Wind and photovoltaic
power generation, with advantages of large resource reserves, flexible construction sites and
economic efficiencies are expected to become the new pillars in China’s future power market ® .
China and Brazil both have strong will to accelerate the development of wind power, which
provides important cooperation opportunities for the two countries.

The first field can be offshore wind power, which has globally become a new trend in the
development of clean energy. According to the Global Wind Energy Council (GWEC), in 2021,
investment in offshore wind surpassed offshore oil and gas for the first time. A report by
Windpower Monthly, the world’s leading wind power magazine, also indicated that between
2021 and 2025, more than 70 gigawatts of offshore wind power capacity is expected to be
installed globally, meaning its share in wind energy will surge from the current 6.5% to 21% 9

@ http://www.gov.cn/zhengce/zhengeeku/2022-01/05/content_5666484.htm

@) http://com.gd.gov.cn/go/article.php?typeid=38&contentld=21450

(3 https://www.investgo.cn/article/yw/tzyj/202104/538945.html

@ http://www.gov.cn/zhengce/2022-06/08/content5694539.htm

®) https://ocean.cctv.com/2022/03/23/ARTIAI2y51bzj Y IF8fClwtdE220323.shtml
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With nearly 8,000 kilometers of coastline, Brazil has great potential to develop offshore wind
power, one of the most modern renewable energy sources. However, due to obstacles of
finance, technology and infrastructure, the construction of offshore wind power plants in Brazil
has been very slow. The current wind expansion in Brazil is mainly onshore projects. Building
offshore wind farms is more technically complex, more expensive and slower to build than
onshore wind farms. Generally, it takes two to three years from inception to implementation
to build an onshore wind farm with cost from $1 million to $2 million, while the construction
of an offshore wind farm takes between five and ten years with costs from $10 million to
$50 million. China’s investment and technology will be helpful for Brazil’s offshore wind
power project. In the past two decades, with the rapid development of China’s wind power
technology, a complete offshore wind power technology industry chain has been formed and
the construction of wind power plants in the country is gradually shifting from land to sea.
By the end of 2020, the cumulative installed capacity of China’s offshore wind power ranked
third in the world, accounting for 21.6% of the global installed capacity (Xv Bin et al., 2022).
In 2021, the world added about 13.4 gigawatts of new offshore wind power capacity, with the
largest contribution coming from China, accounting for three-quarters, about 10.8 gigawatts v
The experience in design, R&D, manufacturing, installation and operation of China’s offshore
wind farms can be taken as reference by Brazil. The two countries have broad prospects for
exchanges and cooperation in improving the techniques and reducing cost of the construction
of offshore wind power.

The second is trade and investment cooperation of wind power equipment. China is the
largest wind turbine manufacturer in the world with production accounting for more than
two-thirds of the global market share @ According to the statistics of the Chinese Wind
Energy Association, as of the end of 2020 China’s wind turbines had been exported to 38
countries including the United States, the United Kingdom, France, and Australia, covering
six continents with a total of 2,728 units exported and a cumulative capacity of 6.374 million
kilowatts. As the world’s largest wind power equipment manufacturing base, China’s output
of generators, hubs, racks, blades, gearboxes, bearings and other components accounts
for 60%-70% of global production ® _ As the main source of imports of Brazil's wind power
equipment, China has always been an important trading partner in Brazil's wind power supply
chain. As Brazil's economy ushered in a green recovery after the COVID-19 pandemic, its
domestic wind power scale is expected to accelerate, providing a good opportunity for the
two countries to deepen green trade in the wind power sector. In addition, for China and
Brazil investment cooperation related to the wind power supply chain will also be a win-
win choice. Brazil's domestic policy encourages local production of wind power equipment:
since 2013, Brazil requires local production rate of wind turbines to reach 80% @ At present,
China’s wind power generation technology and equipment (long blade, high tower application)
and industrial chain have reached an international advanced level. For Chinese companies,

@ http://www.nea.gov.cn/2022-01/21/c_1310437803.htm

@) https://news.bjx.com.cn/htm1/20220104/1197316.shtml

(3 http://tradeinservices.mofcom.gov.cn/article/yanjiu/hangyezk/202204/133031.html
@ http://br.mofcom.gov.cn/article/jmxw/202205/20220503315415.shtml
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building a supply chain in Brazil will also help improve the local competitiveness of wind
turbine products.

Thirdly, cooperation in land and sea transportation and logistics. According to Brazil's National
Energy Plan 2050, transportation is a major obstacle to the development of wind power due
to its equipment, such as towers, generator cabins and blades are ultra-long, overweight,
ultra-wide, and ultra-high components. The transportation infrastructure in most parts of
Brazil (including in the northeastern region with rich wind energy resources) at present cannot
provide stable logistic for wind farm construction. In the future, with the scale upgrade of wind
farms, the size and weight of wind power equipment might continue to increase, which would
make the problem of transportation more prominent. Obstacles to the transport of wind power
equipment have become a major concern for Brazilian manufacturers and entrepreneurs.
Apart from land transportation, even by sea, the problem cannot be completely solved. In
Brazil, the progress of wind energy project may be delayed due to the inability of ships to
conduct cabotage. For onshore wind projects, the country’s existing port infrastructure is
considered insufficient or too small compared to the size of the wind components. For offshore
wind projects with larger physical dimensions, the process of transporting components
from the manufacturing site to the wind turbine assembly area is more complex and difficult.
The cooperation between China and Brazil in sea and land transportation can help solve
the logistics problems in Brazil's wind power construction. The two countries can not only
strengthen cooperation in road and port infrastructure construction with the goal of improving
transportation carrying capacity, but also strengthen exchanges on the transportation
methods of large-scale wind power equipment—for instance, China has solved the problem
of transporting large wind turbine blades in mountainous areas and narrow roads. Innovative
transportation methods will help Brazil solve the logistics problems of wind power.

4.4 Nuclear Power

Nuclear energy is an important part of international energy cooperation, especially in the
context of human fighting with the challenges of climate change. The development of nuclear
power as clean technology plays an important role in reducing carbon emissions.

Nuclear power can be obtained from nuclear fission, nuclear decay and nuclear fusion
reactions. Presently, the vast majority of electricity from nuclear power is produced by nuclear
fission of uranium and plutonium in nuclear power plants. There has always been a debate
about nuclear power. Supporters believe that, first, nuclear energy is a clean and efficient
energy source. In a technologically advanced country like the United States, nuclear energy
has become the country’s largest source of clean energy. Nuclear power plants can generate
nearly 800 billion kilowatt-hours of electricity each year, producing more than half of the
country’s zero-emission electricity. This allows the United States to avoid more than 470 million
metric tons of carbon emissions each year, the equivalent of taking 100 million cars off the
road. Thermal energy from nuclear reactors can also be used as the most reliable source
of energy on the grid today. Also, the development of nuclear energy can create more jobs.
Workers in nuclear power plants generally enjoy remuneration packages that are much higher
than the local average. They also pay taxes and contribute to local economic development.
Furthermore, the peaceful development and utilization of nuclear energy is crucial to a
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country’s national security. A strong civilian nuclear sector is conducive to the national peace
and stability.

However, the voices against nuclear energy development have not stopped. The safety use
of nuclear energy is the most contentious issue. In March 2011, an earthquake measuring 9
on the Richter scale occurred in the Pacific Ocean in northeastern Japan, which triggered a
nuclear leakage accident at the Fukushima Daiichi Nuclear Power Plant. In the following 10
years, the treatment of nuclear wastewater has always been a major problem that plagued
Japan. When the Japanese government announced its decision to discharge the nuclear
waste water stored at the Fukushima Daiichi nuclear power plant into the ocean, it received
controversy around the world, including the Japanese public. In Belarus and Ukraine, the
consequences of nuclear accident are still being dealt with today—monitoring radiation levels,
cleaning up soil of contaminants, and providing rehabilitation for irradiated people. In addition,
as an electricity commodity, the cost of nuclear power is an important factor affecting its
competitiveness and long-term development. Nuclear power plants are expensive to build
and operate. The initial investment of nuclear power is big, and its construction cost can
account for 50% to 70% of the total cost. In contrast, the construction cost of thermal power
is only 20% to 30%. The construction period of nuclear power is also longer. Nuclear-grade
equipment has higher requirements on design, materials, and manufacturing processes than
conventional equipment, so it usually takes 5-7 years for a nuclear power plant to go from
pre-planning to put into operation v High capital costs, permitting and regulatory approvals,
combined with long lead times and construction delays, are detrimental to nuclear power’s
competitiveness in the electricity market.

Based on the above discussion, the cooperation between China and Brazil in the field of
nuclear energy should mainly focus on two issues: First, how to improve the safety of nuclear
energy use? Second, how to reduce the construction and operation costs of nuclear power
generation?

From perspective of technology, China and Brazil should actively carry out third-and fourth-
generation nuclear power technology exchanges. The nuclear power plant technology can
be mainly divided into four generations. Among them, the first is the experimental nuclear
power plant, with the main purpose to verify the feasibility of its nuclear power in engineering
implementation through the form of test demonstration. This experimental plant has basically
been decommissioned today; the safety of the second generation nuclear power technology
is better than that of the first generation but its measures to deal with serious accidents are
still weak; the third-generation nuclear power technology is the current mainstream, with
higher safety, shortened construction period and extended life; the fourth-generation nuclear
power technology designed to prevent nuclear proliferation, is the technology with least
nuclear waste and the highest safety and economic performance.

(@ https://news.bjx.com.cn/htm1/20180619/906674.shtml
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At present, through independent research and development of key raw materials and
equipment, China has mastered the third-generation nuclear power technology with
completely independent intellectual property rights and realized the export of nuclear power.
Hualong One (HPR 1000) has a total of 4 units at home and abroad to achieve grid-connected
power generation, which has been recognized by domestic and foreign users. China National
Nuclear Corporation (CNNC) has also established cooperation intentions on nuclear power
projects with more than 20 countries and regions, including Brazil and Argentine in Latin
America. China’s fourth-generation nuclear power technology has also made breakthroughs.
With the successful implement of the world’s first pebble bed modular high temperature gas-
cooled reactor project, China has developed its fourth-generation nuclear power units with
independent intellectual property rights.

Brazil is also an important country in the development and utilization of nuclear energy
technology in the world. In 2000, under the initiative of the U.S. Department of Energy, Brazil,
the United States, the United Kingdom, Switzerland, South Africa, Japan, France, Canada,
South Korea and Argentina, and ten other countries interested in the development of nuclear
energy, jointly formed the Generation IV International Forum (GIF), agreed to cooperate
in research and development of the fourth-generation nuclear energy system. Brazil has
accumulated rich experience in cooperation with the world’s traditional leading country in
nuclear technology. The enhanced exchanges and cooperation between China and Brazil in
nuclear use will help to learn from each other’s experience and jointly contribute to the world’s
low-carbon development addressing the challenges of global climate change.

From an economic perspective, China and Brazil have potential opportunities for cooperation
in the construction and operation of nuclear power plants, as well as in nuclear fuel mining
and trade. Although Chinese companies are not Brazil’s traditional nuclear plant constructors
and operators, with the 3rd and 4th generation of nuclear energy technologies, which possess
higher power generation efficiency and lower cost, they may have a place in the future
Brazilian market.

The Covid-19 pandemic has delayed the construction of Brazil's Angra 3 project until 2027.
According to Eletronuclear, Brazil will find a suitable constructor and operator for the unit by
2023, and potential partners include Chinese companies®.

In addition, China and Brazil have great opportunities in uranium mining and trade. Brazil is a country
rich in uranium resources, with proven reserves of about 309,000 tons in spite of a small amount of
exploitation, whereas China is a country with high dependent on uranium import. Currently the main
suppliers for China are Kazakhstan, Uzbekistan, Canada, Namibia, Niger and Australia.

With the expansion of China’s nuclear power industry, the demand for high-quality uranium will
continue to increase. Expanding uranium trade with Brazil will help diversify China’'s energy

(D https://www.cnnpn.cn/article/19686.html
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imports. Furthermore, the 3rd-generation green uranium mining technology developed by
China, marked by the “CO, + O, in-situ leaching uranium mining process, possesses leading
advantage of low cost, high efficiency and environmental friendliness. The complementary
resources and technologies provide the possibility for China and Brazil to deepen the
exploitation and utilization of uranium resources.

4.5 Biomass

Brazil is the second largest producer of ethanol in the world, after the United States, and
is home to the world’s largest fleet of cars that use ethanol as fuel. China is the largest
automotive fuel market in the world.

As previously highlighted, Brazil has a long history of promoting biofuels. The sugarcane
ethanol and biodiesel industries are consolidated and Renovabio can set a new impulse. The
country already has important advanced biofuels initiatives.

Even though China's main choice for decarbonizing transport is electric vehicles, biofuels
may have relevance. In 2017, the Chinese government announced the adoption of a mandate
to add ethanol to gasoline, which would reach 10% in 2022. However, concerns about the
pressure on the price of corn, the main ethanol input in the country, made the mandate
unfeasible. Today the ethanol blend reaches 2% of gasoline in the country.

The potential for international partnerships in biomass involves the intensification of
international trade. Brazilian ethanol has environmental advantages as CO, emissions from
sugar cane are lower than corn ethanol. Another advantage is that the impact on food supply
is less significant. Today, China's ethanol imports are predominantly corn ethanol from the
United States (Pratt, 2021).

The technological area offers important cooperation opportunities for Brazil and China in the
biofuels segment. Advanced biofuels would make it possible to increase productivity and overcome
barriers currently posed to the use of biofuels, especially competition with food production. Brazil
has a leading position in the development of biofuels and Chinese technological capacity can allow
the country to maintain its relevance in advanced fuels. The biofutures platform, in which the two
countries participate, could be a starting point for cooperation.

4.6 Hydrogen

China is the world's largest hydrogen producer and has large-scale green hydrogen projects.
The cooperation between Brazil and China in the development of the green hydrogen energy
industry may encompass renewable energy systems integration projects, including grid
integration; development of the electricity market; flexibility options for the electricity system;
and mechanisms to promote energy efficiency for the industry. By signing a Memorandum
of Understanding on Cooperation in Bioenergy, the two sides can cooperate in the research
and development of renewable energy. Brazil and China already participate in the BRICS
Energy Research Cooperation Platform, and the research groups that develop technologies
applicable to the hydrogen sector can develop partnership projects.
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V. Suggestions

Green energy is a crucial issue for both China and Brazil. If more bilateral cooperation could
be carried out, the people from these two countries can benefit and spillover effect may be
observed to accelerate the transition to a greener economy.

Establish the corresponding entity in the bilateral green energy cooperation. Both China and
Brazil should try to establish such authorized entity to setup the basic frame of green energy,
integrate the resources and share information with each other. This could take place under the
structure of COSBAN — Chinese-Brazilian High-Level Concertation and Cooperation Commission.
The responsibility of the entity is to plan the development route of green energy in both countries
and to send a clear signal that the whole system is under transition to a greener one. The entity
would be one of the promoters or advocates in the improvement of the laws and regulations for
defining appropriate administrative environment, better reflecting the demands of the businesses
and consumers and stating the privileges and obligations more accurately, which is one of the
factors to support the decision-making process for the domestic and foreign investors.

As important participants, the actions of China and Brazil are observed carefully and the
voices of China and Brazil on green energy should be heard in the international community
too. Even if the deployment of electricity equipment on different parts of the supply chain is
the domestic affair of each country, cooperation is needed to make the respective advantages
of each country reduce the cost and improve the efficiency to transfer from the original mode.
Develop forums to bring together institutions for research and technological development
of renewable and clean energies. Both countries have institutions (such as universities and
research centers) with solid experience in green energy. Sharing experiences would help to
identify common technological challenges and complement each country's knowledge base.

Bridge the gaps among different stakeholders of green energy for decisions-making. Green
energy has quite wide range of areas, which develop very quickly. Fully understanding the
progress and judging the future development trend will benefit the society. Timely exchange
of intentions and opinions is very important for coordination and calibration of actions. There
are gaps between the government intention and the reaction by the market. Regulations
and policies to reduce the frictions and cost of the related policies might help to fill the gap
between government and market. In fact, there is a two-ways interaction between government
and market. To better design the policies, it is necessary for the government to listen to the
suggestions from the market. Mechanisms should be established to collect the willingness and
demands of the market, especially on the bilateral cooperation of green energy of Chinese
and Brazilian companies. Green energy life cycle includes education, finance, basic research
and even laws and consultation. Mobilizing and integrating these stakeholders requires the
recognition of the importance and efficiency of cooperation, which first involves the exchange
of information, so that decisions may be made in a more efficient way.

Coordinate the development of green and traditional energy ecosystem for more resilience.
The transition from traditional energy to green energy needs more support. Raising social
awareness of the importance of transformation will help in the transition to green energy.
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In certain circumstances, the supply of energy exceeds the demand, which may cause
competition among companies. With the impact of COVID-19, the global supply chains have
been hit hard. The current high prices of oil and gas is an important drive for green energy
to flourish. Coordination can be necessary to generate space for the new-born green energy
development. China and Brazil are both big countries, which means a lot of different situations
in different areas. It is possible and necessary to establish some pilot zone (s). Infrastructure
like the electricity grids in these pilot zones could be modified and improved so as to reduce
the cost of implementation of energy transition. With more companies involved in the green
energy, the advantage will become more prominent, which may not only reduce the cost
of transition from traditional energy by more applications with lower cost, but also set good
example for other areas to follow. From these pilot zones, transition will be more smoothly
propelled.

Educate the consumers on the choices on family equipment and facilities using green
energy. Generally speaking, Chinese consumers are willing to accept new life mode, Brazilian
consumers enjoy the interaction of different culture. But it is still necessary for the systematic
work to help the transition from the traditional energy. Like other issues, consumers need
reasons to change their habits. Both China and Brazil could advocate the responsibility of
green energy and provide the guide on the transition. Published standard and criteria of
green energy may establish a rule-based system to give the consumers more confidence on
the choices of the green energy products and services. Actions of the idols or superstars can
also be important to lead the fashion. Usually at the beginning, the consumers may pay more
for using new products. To provide a complete system to support the after-sale services and
speedup the evolution process would reduce cost and barrier for those consumers using
the green energy products. Platforms such as social media could be used to provide more
communication channels for Chinese and Brazilian consumers to share their experience or
even complaints, so that the green energy equipment manufacturers may have better ideas
on designs and functions to attract consumers.

Encourage the research on more advanced and adaptable technology for more efficient
deployment of green energy. The key points of promoting green energy include the
development of technology and its commercialization. These two processes can be
strengthened in two-ways. Commercialization is not only the test field of technology, but
also provides guide and demand for better technology. Although the companies do have
incentives to do research, the basic research may be nonprofitable and need the support
from the government. China and Brazil both have the capability on certain kinds of green
energy. The research cooperation can also be important driving forces in the promoting
of green energy in these two countries. There could be different forms of cooperation: for
example, research institutions in Brazil can work with Chinese investors or companies or
research institutions in both countries to identify important topics and work together to find
solutions to their problems. China has a whole set of manufacturing system, which could be
very important to transfer the products from the laboratory to the real market. As the new
ideas, materials and technology integrated into the life-cycle of products, the efficiency of
green energy applications can be improved by bigger market and more consumers, which
could be the advantage of China-Brazil cooperation.
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BRBERIEARET “Kemlitld” , ZfARRERERS, BHEOZELEFIE,
RS, FHFNXNAEXBE, BRibzs, BREXBITT 2030 FaBRMSEESS, EEF
BESEHMERD 40% , ZERRELEEFEEPITBERBRNLEIRSERET 27% &
ARMBIR, FRREMERS 27% ( MARKANDYA %, 2016) o

EHErEEREZE (IEA, 2021a ) IAA, KEFEEREFFEEE S NBUFBORAEACH, #oE
BERAR BN N EEFNE T, EbraeES ( IEA, 2021a ) w5818, FEMNRERSE,
PREDIREELE, XRFTRARRE R,

BHKN, BNXFER—EeRUBERRME TR, HRSHMBMENRE S
HARERXFER, BRIV FBERTEDERET — 1N IBEEREBR. I, BITEHEE
THBRRITBEERABOERMEEINT =12, M 2004 £HED 48 PERENE T
2017 FHRED 147 MER, EZHNERGVTERNMXERGE T IHERREEFRNBR, o
BEgREIRE AR ENMEREZERENTESR, BERAESERNE A AENES
FMIERSSMERNPEIT, XEBIRNESRTRESAEE, BHEE ORI TBER,
thEREENLFNEMBER (IRENA, REN 21, IEA; 2018) ,

AT, BFANRETRDIBMR OB AE SRR ARG REGL, EPEHETARN, —
BOAAER ARSI REGRAR, Fit, BL2EHETFEERRAR, DRGEEEEFL,
B, FZUBEEBERATUARERAHNNIERSUBERERNAERE, Btk
Uk REEHE, FERRARNRBNABEEEERN FMEEERNRIEH ( DINCER,
ROSEN; 2005 ) , XYEENMAESEZEHNEE,

BAmME, SXTEP, BTV ATBEERERANRESEEIRNE . &%
IR BRMBARNESIH &, THARBNNAEEZEN, EEMERZRAEEMAEXRER
fsERIA R (IRENA, REN 21, IEA; 2018) ,

W& RAFLEE A TR T BAE R RIDBHBE A 2 LM, FXEFENKT R~
WK HE, Fan, 2009 FHERAEKERNITBEEBEANRNFALE (IRENA, REN
21, IEA; 2018) ,

BEERASIW (2017 ) 21, TTHAREBENTINATHRNEREBEEZERX, ERAME,
S TF A RARAEREKN, HARELHFTUHEEE, TOEHAFEK. ¥ Ao, ¥
O BUE NS B ENR A B S EUNAEAXN—LLBRE. (1) HRIRETERRE; (2)
RERBMENTHAERENGER; (3) AT IVSHUARRIEE, XHBERNFATE. IR
BT AT RIXLEBAR, BUF. RES IR EM S Z BISXAFERMEESIE, T—SEXEE,
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1.1.2 X

SHEEMMTEEES AXKAIRMRREE, ERTVHR T EINS 2 =0RESK,
EYNSBETUNXBAR, BUERENEBRESETUHEROREZ W, (IEA,
2021a)

Zarnikau (2003 ) B EaEREX AT B BERBAENE N, SFELREMR. £
VIR E . WAMBFRBIHERAR, RAZEEERS, BESEHBCAER, FRite AR
AR NSIEZLBRA TR, Chernysheva (2019) iAh, REeteREIERMEEHT RIS -R
R T IRIBIZENX, BEEBREEIEAMGE. K. KESTETY, thaEHhA
BERDE Y BB A - IR 5 AR X M B R i 1R

Mohanty (2012 ) X5 7T =REEREFFR AR, B—REARBIEKE . ARFED RS
FZREARGIBEREAENAFISH . XREBFIRAEBE, F=RBABEEDRSR L. £
VIR . HOIAFESERE (Y RE. BORBE. BIERERE) &

R4E Omer (2008 ) B9ifi%, ATRFEMEEX D "BHEIRANT K, XAHERAH
EEERNENUARENER" , BB RE~EEME N, Hit, RS54
B R E—ERE LR ANNHEREEFERO A EEmOB L, X TREEH R
EZH~RR, WRFEANRBEED, HROTEREEM, BLARBERERES (DINCER,
ROSEN; 2005 ) ,,

EHEREERZE (2021a) A4, BEEALKSEEAR D EB DN M~ 0HK, TH4EE
BREARRKBIE, LTEkR, KB —EEREBEPNENS, BaHEREBELBEERE
2030 FHINFAS, FAEETH BN T E 2050 FH#h0/\E I E, M F=EHHT K EF0 AR
BEMARE, o, TH4RRERLEN. TUWASHHN T BhAEEEEIER, THEE
BEERBE AT IBIS X HEEEFER, W MNEERTRAOES, Eahd, JHERER
B EBABRIEEREDN N, AROHRTEREEENEEER. e RBidEARkE
PR RLAD A 1) B Joe ok B B D HE AL

EFroT B4 REREZE( IRENA ) 21 HLL T HA R BRI 4 ( REN 21 )F0EBREERZ( 2018 )
e, £YMBETEATAKEH, BT ATHRE. BLAMREH, £VBRETS5ENEE
EEMIEERERTRMEHE RS ER, A ASRERRERSD S, SRREBEFTEEL
AR Fe B RS e T E TR

1.1.3 CHkERA

Sen f1 Ganguly( 2017 A AR R ER Y MARNEZRR, EIFEAREIRES, FS.
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L4 RER B RFEL LAY ©T PEAIR AR R X PRI 69 8208 . Midiilly . Dincer 0 Ay( 2006 Jth AIX AT &,
INATLU T HEABNXBEEFSIREGRASENNERERN, mEXHMEEREN RSt
KEMAEEN, HHEROAELIRN,

Dincer #0 Rosen (2005 ) INAZ B ERZBIR AR THELROXBESR, M117IH
TENEERR, &5, HLEEMER, FEefRNRENFEREE/N, EZHMEHRAAN]
RMTRIEOEE, R, FEREFIEN B, EELSEEFANBERT, KERE/LTFITU
TRERIE T E Bl R NRR N, &5, KERBEEF THREERRDBIL, FETFIEE
EREE LT TEREREMENARBA TR, NMIGRT REREN, RET DERz
XAOMEFH I, i, FERBRENER/), BRI MNEITTRREMZNNE, MM
EEERNEN, o ERR T ETUN A RERF KIEKFELE R,

Sen 1 Ganguly (2017 ) NHESEFEAERNBEL L, BEANBASAYEREAS
EFMEX, ARABIEKLEANERFEFREZFMEX, 2FEKETE/LTEERERIDHE
FIANREERER, BELEFEK, AXNEL. RIEMHERNEERMNZ KD,
e, ZFEBKENEARARUAREREERNEDIER — KBRPERZERBIVEZ T XFP
AR, TRNEREAXLBOMLES Gz —, RAXEKERTUIENKRA, BSERM
HERE, BRARKE, Hh, AREERARTUSIEER, EMEERNARTLEEER
B, hEBEFRNR IS, TEENARPER, TEeNEAER, XLERBIHERE
NI B KEA I,

Dincer #1 Rosen (2005 ) 1AA, oJHABRATUAZ SR EARREFREMNASR
BHaNBRMEAR, ETUBLERENERERRZEF SN, FREKAERSIH, Hd
—PMHEERRE, IERRRNENRATAREZ ST A BRBMEEOZE N, BATS,
HERBARRNEREE. NAGEERTE, XRAXRRGEEHT RO SR THBERR
BERE, REATHABEXNEE; BEASENARLERL, BETFHAEARNEEM, FridoT
BAREBARRNT ZHEAMBASHERTHEKE, BENERGIEREN, FXLE, ARARTE
RAMNERESEFKEWHENT, TBHERBERATHFRITESH —FEK ( DINCER,
ROSEN; 2005 ) .

HirgeR2E (2021a) s2ABFAL 6. LEESBORMEH T BERRERATAESN
EA. 1o, BUERAAXBRITZ RN ALV UERME T OAEXRBER, LHE
I EF R ER A,

91



BB — sauiksaapsbn g s S e

1.2 B#R

1.2.1 W

BB e. MBOSKERNEREER, SHBAE, B, 2hEBUREHHERR
B, RIBPELHHN (PHpr, BSRATFEEARSTRMNH L BESMEHIA B
PRI RNER) ¥, HTEERS:

7 2025 F, REMBBIREBOSFERSHA, Ba7b a8 AREXIERT .
007 [ A A 7 BB AEHELL 2020 R BE 13.5%; S 07 E R4 = B A — | ALERHEA EE 2020 £
B% 18%; JE{LA LIRS # L EIAE] 20% A4,

) 2030 F, HAIE AL BIE T EEBREALE 2005 F R 65% WE, JELA R B
EEEIAE] 25% o, RE. AL B RENEERE 12 2 TR L,

7 2060 F, REMBBIRERAZLFERDE SRBRLLERNNEBEERRS TR, 4
BRI AR ERIA T ERR L BKT, LA EEEE R EIAT) 80% M E, BohF0 BARIRFISLI,
ERXPRERGETRE, FOIASBATIELETER,

1.2.2 59

KNEBRERLXLEENTERE, AZERABEPHN L LESIE60% (ANEEL,
2022) , HIEETFP (2012-2021) , KhERBEZERKLBEN 64% (EPE, 2022) ,
ERARKDEB KENEXBETIA 213 ARKN (ONS, 2022) , #%57F 2021 £4H
FIEEH 43% (EPE, 2022) ,

HBEW, RREFRE ZEREMBRE. ITRUEREA LS CESTh RIERETESN
GHEHEN 95%; 2016 F, RIEFMEPIFEERIVERINSLE N 72%, 3#£FH 2400 HiHE
TIMEALE ( KRS ) ZEME (IRENA, ren21, IEA;2018) ,

WHIFFR, ERBERBIKETHEER, HPEATENR KN KB, R,
Losekann #1 Hallack (2018 ) &1, BT ARG K, TR BE™E, KOLZBEHIEMN
ZERF, FAit, EFEAIERMNTBEERER, MEERYT RMEAGEBERXBNELTHERE
AB&EK,

OFWEHERARMREZ RS (A "AKZE" )
https://en.ndrc.gov.cn/policies/202110/t20211024 1300725.html
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B RIXE TR, BN KEFRAPENFLER—Lk, B2, ZENNEMAHERLSD
ECANETEPKRBRA. RAOLXBEM 2012 F£69 1.9 FEIEINE 2021 £ 20.7 T ;
APHBEZBBEM 2012 67 7 JKELIEHNZE] 2021 F£8913.7 T Fo

ERERT, BEAGETEESMAL T ERSRMNITVER, BsITIRENFHHE
PR, FHERMNECRRIM T RV HESE, MO TEIERNBENES0RE, BRT
BERAEFRA, 2013 F, BREFE 12 RRSVRBRIEIER, HESENAEN. XE. [
REFMEASH, EAEXRDRRYAOXKEZESEFHELNELE R, BEUHE4ER, £
HESKEAXNTEEERE, W TKPMANESMEXETE, LXMEABEREAEYIT
WA EERFI TV EB VR F, HHFIRFM AN AR (DASILVA %, 2013) ,

RIFPKESEUIRFLELRER, EABDTHRERAALERETNE, TE0EERS, @
Ry XTBEERER, RBSERNE, LUXEBIRREFRERSIE, LHEMREMER
SRS RERM AR AN TR, ¥ ReEREMEMERE R,

Miranda % (2021 ) 5, ERARCHAERTEHSEABINLSFABNBRRMESEE, 2
{KifiS, Miranda % (2021) iAA, BERNASHHRBEIESZEREANATE, W&,
miESEMEE, RAXEHEN BNERETRHIMNE, HENFNER, XEZEHAYN
FAEEIE. TRERGKMGERNERMERE, SUTEBY,; FEEREA. QIHSIAY
Tt R SMMARESBIRAEE S, TURAESERIERARRE, RONKE. (2

L2

1.3 BUk

1.3.1 HH

1.3.1. 1 AR A M

h BRI THASEAR S E AN T B (R &E % )( 2002 ). ( FREFWIEME )( 2003 ).
(FMIRERE%) (2014) . (THERERE) (2006) . (F@B%) (1986) . (I
BERIPE) (2015) 0 (BA3%) (1996) . (Hak) (1996 ) F ( BLEEEE) (2008 ) "

Gt EREEWTEAEEINT SR BB TEMIEN AR, IREEEN BN ENE,

of-2 K #6J7 B : http://www.nea.gov.cn/nyflfg/index.htm.
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BRT HARBIEHPANEIUEESN, MERIT (PURE) (B87%) (Frok) (IBERE
BoR) (BIMEF Rt ) SAE, BRI AANE N AN M,

b EERTEERERBIVETERR, INRDEIVEETTTR, RET —H R,
PR EERCRTI M E RIVEN TRERIE, MRTEEWX, T, ©d. FoSianx
EREREIE, B G NBAZER R RS SHEXERIRESE , sgirt B,

1.3.1.2 W BUBUSR

PEEEFHEHZERRESM&TRIBRESTE, BIHBHETEEIR, BREEHEW
AZNEBEEIESE, 5ISRTSSHILARERET B RBEHKIR. {KEARS, BT
EVBSE M SRR H SRS RN AL BAE ., ROFEHKBREMAZES, X
FHEEHNLV ETRANBRAATREMRKAERZREE, ¥ AREHENR, HARE
SERRBRERES, SRS RARIIFEMRHE~VERES, EXBERESMIVELRR,

RIEPEERARE. BXREER 2022 F1 BHEEAHBN (X TRERRS EREER
EENERREEENEL) ¥, PEEREXFERSEMREEENS THRANE,
RITESMIKEERIE . RN ZE2RENERRAIFNE, BXGZELXERESNUER
REFAXESEEETRRERALATA. FEHENRGERE. LOEEC Y RE MR
SAEAE ST, HIESRFEEAXCEMIZET B BT HLIRRE, HREESR
BREERT B MWAEMIZEAF AN =B EEES (REITs ) RAER, PRUBERSHE—D
BARATRERZ RN, FIBRERSREXFRATERHN EMEEE,

1.3.1.3 Bt

2022 £5 B, BRFEEBAH (XBFEeRBRELER®IES) . ABhEFHS
FEReEZERE, LHTRHEAREE, BEXNIFRERP . EHPRERR. STRLS
SHA. R~V RRONAE, Lt 56 MXFHFEERKENBBRLEBK,

B hEFHtakBEeOEREEE, LHURSEARKE, ERMIFRRERP. 3D
BEIRR . BRIZURGEF A, BRI~ VAR, R ERREE I TFX O KBINE s
N IRER, SLATIEE R RIAE RDIR 50% BIBUSR ; X F/K B ub i sk, 30 R AFME T i E AR,

@ http://www.scio.gov.cn/xwibh/xwbfbh/wqtbh/47673/48000/xgzc48006/Document/1721203. htm.
@ PEEXMAS LA
http://www.chinatax.gov.cn/chinatax/n810341/n810825/c101434/c5175740/content.html.
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1.3.1.4 #MBOR

STHAERBEENM N EERZRE (THEREE) 2K, BIEMNEBMNPAERESH D
MR FEER SR, TIFEM VB R NE EMRETBERRRBENBUTEES,
EXUBERFERNMNIRSHTFEERFELENE, FHEEXAMNHPNERAEE
B, FEBRMER, HRERLBLEM, BF, PENBE. XARRXBETHEERLBRAK
SERUTRRT, AARS T, RET EEREEZFNEM, BHAAAPERREMEINNE
BhE, PKEKE, WMNEEET THREES, 2019 F, PEAERB. XRLBTVFRLH
MEEM EMIA S, EaTBERRRBITIVHINERESEFRLD, RIEVBEHBE=MBETX
B3, B 2020 g, HigE EXNBFAXAME TBAANPRYBFMNESEE, B 2021 Fi2
MERNEPRBIE, TH Y AHRCRI B FFIOER ERBIE , hRFBARFNE,

1.3.1.5 BBk

h EGHERI I ERIAE . RPFTEHTR, RERPIORALRBLE, XA "B
By AU, PRI, 2ak. RERAEEIRMEL. RR. RS, IRSERAME

. ERRGHOCEREMBRIINEN R HHSBEAMEEL. THERERHSE. o
ERRE. THRIVAEFSESREINERABR, B8P RERITEREIA ™oL
ExREAXEE. BxREAH L. EARKEFFES, BREKAE., kPFIOATER, &
MEEFRIRRBIAE . RPFEXERE L,

P ERRNFAZERE . AFHERBAMELF I MATEEMN AR, IERBAF E
WS ERATR . REMNF WA B, IRSEES. #F. NAXERATA.
TEAMELR o H#ET B X AR RF BT B IRER R AR AN URRETHEM BRI LN A
EHAMBRURBEN B SHEEATL . TN B, BITEREMBEATG. X
ZIERERREEIFRSFE S

BB (T REEBREMBEEEHNHIFBREENENL) ", BOE5RKERE
AEHBREEHE R, BRIFRFEFEBIRERLREIER, ERNEREBRERNERSI
. W AR THASE. FERARERENEREAREIFER, NRRE—HEBSR
BEERXBREA, FTWALGIVEKESSRR. BB Tty 2 ERER

@ http://www.scio.gov.cn/xwibh/xwbfbh/wqfbh/47673/48000/xgzc48006/Document/1721203/1721203. htm.
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GRS, HHSERRNEBRERZINMNERE, BREFRVEAICEMTIRER
T BMERG. BdR. BT ZEXBRAFRESIR, LERREAREDEEL
AR IERFMAMEEXRERAR R, TERERE. HHE. ®RITHEL. 22E17%
T ERARTERSE

1.3.1.6 AABUK

WEERANZE. BREFRSZENIITT 2022 £6 BEEMAN ( “THR" JHE4E
SEERAY) Y, PEBREATTINIIEHIE, ER—HEFEFEESEHHRBAT 58
B FPEBNARSKEASEFZRSSIHNE, FSEERFRTHEERTVERHIS
W FRASEFREE, TETHE LR EIHAALSHES,

1.3.2 5

EAKHR N TERERIET BRBRTHTY, FHE T ZTHEXEK, EVHNE,
HTERALAEBREERR, XEBEXRNBIRERERELS,

M BERE, EfE20 4 70 FR#EH "BR 2821T%" (PROALCOOL ) , X
N mE e m, HAOAHEREEO, EZiH e T, 1975 EERNREEHAT LS
REFA CERE, EERATRIPTE, BRKE TEMEREDRRNEE, 2004 Fix
Eilld 7T XFHEMRRIRROFOEMAEAEESR, RIBEANEYREIER, 2019 FHRER
MBS 27% M ZE:, TREERBES 10% NEYER, EVRBRINAFRIIR T Lake, Bf
RUMRE-KRCEATEH, SEFE4H0 300 127,

BT 2018 Filt "EREVHREIECKIT" (RenovaBio) , NERMKEHEANIZE T
WHEB iR, MBI ER T MBI RSEDRE ( 2. EVERBRNEYRR ) HEEERIIN
WL RLR, BEFEREY KEDRRINESFIFER, o, £AXKE. TWEY. FHKERP
AR SEBE T AN A R B T AT S M B B0 S

2002 FEEFEHH T R B AT ( Proinfa ), 24 o B4 A28 B8 1 8URh B 5K 8972 56
ZTRARE DUB R MM S T L RBARE. REEREY BN, G, RFTHERBELRNIBSEE
RIF 64 o

@ http://www.ndrc.gov.cn/xxgk/zcfb/ghwb/202206/t20220601_1326719.html.
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et o EERI BNV 02 5 A K BE B8 B AR BB LB 2 A R BHVSITEHE, FITETR
EHET 2012 F, BT BMWRMAETUT IR, 2016 FHILT KSEE A AP RE R,

2022 FEFEB T AHRNLBOFRTIE, BNEMBEERLICEHME,

ERZERFHBE, ZETNFENE, EEARRAMNNLERHEERT (Angra
dos Reis ) 832 7 WEZ Bk, RI\EFOY ZiTH, BERESH ( Angra ) 21258 = EZ Bk,
TR e E A 3 J7 s F Az s

1.3.2.1 et REIRAH G 4

BRl, SEMTBHEEBEEEXNNEEE. BIEIRNEYRENNE. BREDRE
BR. HHRNKBIER. SEFNTHERBRENHHIBTIAR T EEGERA B 7B B0 8
BN AEZEZHITH,

1997 £, EFHE T 9478 SAFE, MEETHPRIIAICE, R\ ZE, BUFM
E B F I 18%~27.5% HILLBIRFIRNRFEA, BRIGRELHI A 27% (BB S
27% BB ) o 2022 FMAHE 10.940 SEZSME, HEREBRBKZRS (CNPE) HE
BEARHRELER,

2004 FF, EFHE T "EREVSBESFERB T (PNPB ), #8327 M 2% BILEBIFF 46,
BEHE A YEh ST LR S M EFR, 2016 F£5 3.263 SEENE, £V hESEMR
FUB#R LRI FEEEN 1%, T 2018 FiT1EER] 10%; ZEARFNERERBREZRASH
ERFHIGE KD, EEIXT 15% BEIR. REERERERZRSHENIITY, £9
Sl LE RIS EEIEI0 1% , B 2023 FHFIAE] 15%. B2, BFLMNMERE Lk, sERE
RERSEASHEH 2021 FE 16 SHRWPHTE, FIX—LEBIM 13% BEE) 10%, FHFEIR T
D B ARV BT B3R,

2017 3 13.576 SAFERE 7 "BREVRBBSRITY" , /EA—TBFESK, Zitl
ETEBREEUARKESEREERERTENTR, ¥ REDRRNER,

FEAPBH ARSI, 2022 F 55 14.300 SARET] 7T EEER®BA/S (ANEEL ) 2012 £ 482
SR, ERZRWHE T 2ITEFR. RE\EFENE, TUAFHEIHR K BERMMEHE
HERETRD . EHRNERZ R, BEEERT RELRROZE,

RHE 2021 F£35 14.182 54, SEHTHERPIBLEXRBEER NP HERHF K,
ZEBETEINHNUBERBHERSHNAR, X5REFMAMENY KEBEEX,
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1998 F55 9.648 S EEME, NEKN AL B BEMNIEH 50% 8470, 2002 F
%5 10.438 SAEF 2003 55 10.762 SIAREITHIY KEIRKEE. EWREEFIABARE,

2021 53 14120 SEEME, FiG U EE R E A B BMITI0 L E B LiE=1F,
HEEHMIBIE SR 4R REXREEEK, FERINE, JEZBRAGTHNITBELS
MERNMERAFERA, MATUZZIN, EABRSRIEHSINE HITIELRE,

1.4 EBR&1E

1.4.1 HH

hERELFUKEENONERER, B (KEESRZREUERRY) RE (B2
WRE ) M BERFORN, 27K 2030 F oISk RIIE, P E N1 2030 Fa7 IR LE.
2060 FRISEMBR S, XE2PERTHIWRZALGEHBENTEE SNINTHELR
AR MIEE M EREBREK, b, PEEAEER ( (XTEEREEVRNEEH
RWES ) BENFMEESR) , AN EZRUBRARNER,

PEE SRR SRUKEXR, A SEKE, ELMLREPNFERTEF LR,
TEHELEZE ‘—H K BERIDNERNER, RRBEASESHEZREE "—F K
BiRES, SR EmER, fFEk, PEN "—H—8" BLREXMMMXITHAGERDR
B MR FRIEK, MRS RRPERVBXET REERRANNE, PELFEBER
BB FERKBUHE— 0T, ZIMEB RRAHN 174 12%5T, 2021 FRERABLEE,
BEUHNEREIBRHY 2 CTRNNEEHE I, BE 500 7 A0, SFFRD I
#0350 B, pERMKIE —H— 8" HEREIEF R —H— B AL GO, (23 " —
i ERAZZELRER, T REERANA,

hERIR —H " RASESEXBRFERE, F "—w—8" BxFrEs
EEE R, RIE (XTREERSLRBELEFHNANBEEEROEL) ®, PEEHHS
AR S AIBRSEIHT, XFF “—H B BEMRmERF AT A, it "—H R REERES
KEE, RREDE SRR L8t E TtV HERREENS . 5ISbVFFRE SRR

OvEERERIEAFAE AR ALERES" LH¥E 202144 A 228,
http://language.chinadaily.com.cn/a/202104/23/WS6082197fa31024ad0bab9c28.html
@ http://www.scio.gov.cn/xwibh/xwbfbh/wqfbh/47673/48000/xgzc48006/Document/1721203/1721203.htm.
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BERTUIE X SMER, AEXIMEARTIERTETA. MERPNLEE, HHERERS
ERELKINB, PERERERENZELBUEXR, UReIAHER "—H— K"
MK,

h EFRREN S REREE TR ERBEELBEIE, VBT 2019 F8 “—H—K"
BERSEIN X R S AR REBEE A OABESE, BEEAZRTE, KITPE—M
B, PE—FE. PE—FRAE. FE—PRKR. TALEHA (APEC) IHSHERT LEE
ERE, BEXPBUBEER. BA. KB, SESETREERBAERRAT GERESR, 7
BENEE. BER. SN, fRENBERAL TR, RASEFRERBNEFRTB4AERESE
PREALHEIEKRTE, MRS E5EFESE. ZTEEH (G20) . APEC. €RFER. LEHR
% ZINEL T HIREER B RS 1E,

1.4.2 B2 74

Eir& e R Bt R BB AERE U HSERENNETEE AN TR, SETLET
EfRER (whkEE ) BEREHA (- TEXH. mHFEETH. SRER ) WA AR FE,

REXR, BEOERRNEBNERRESEBIIE, EFNER Concordia E&i2% T 30 £
kBT 5 608 T RERRTE o H, 120 TTalS RIBEREE

Santos #1 Silva (2018 ) #5t, 20 42 90 £, HTFEASHMAEEFR ZEILiEHE N
BBRRASEENE, EAERERSENETENREEBEER, LEZMIREFNEFET,
7ELbHERE], ZOEMERRESEHRRR T,

21 15, EAMNERSERFETEENZFL, THARRAANSEFGBIES,
kBIEM. WHURBOHFIZMNOERF i85 ERARERNE S, iy, £YURNEAEER
PRI RIS, #Hah T BSEXFENERRSEIT.

HEETED, TEARBIESERETEDLR, SRERSEEAXITHNEXEIRE
EHNIS S, SRR RS ERRER "EWREFS” F12020 F50ES2H (£
BIRREEX) o

"EYIREKEET BREAAEN—IEN, £F 20 MERS5, ZFE6ET 2016 F,

OB MEERTIE, UXBEHE R HERI1990F1A1HE202245 1 A7 8 HEEHEXEFRTH.
ERfTohaEEy. e, RAESE, i, ReFH., AR, X, 5%,

® Numero de atos internacionais que resultaram do mecanismo de busca para as palavras chaves Solar, Eodlica,
Etanol e Biodiesel no periodo 01/01/1990 a 01/07/2022.
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ETERHEVAEFAEREVRRN LR, FESENKRBEUTEIT, hEERERETY,
FlaEFREERE. Efr T BEERBMEREMEERIKEEXER (GBEP) o

ERANEZ BNEEEENRURAENZRBIEH, ES6ENEBREYRRFTFEAR
TERMBIR AR ER, ENERIE 2022 £ ZBAESHTHESEIAT 10%; 2025 F£ 2 A
2 20%, EFEFEEZEHTT 9 MERAERE, HhOEFRZBOFEL". fIZTH
SRR URGB SR A Y B Joe 77 T B9 BUR R 18 M o

OX-_RCEAUARAF - RCBEFABYZFGENTEN, RETRELFT A ALK AFES .
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oy P EEHTES P S A e A i

21 FERZRBRERELXR

TESERREIELTEERETBEEANER, BNSERFE10{LTRAX, &%
ERESRIAEN40% UL, Hd, KB, RE, XREB. EVRRERINESEDHIE
ZATFE12F, 7TFRNA4FEHAE—, R RBEFVERFRENERZTSNE. &
HETHER, PERERT ZENITHEEERATLAR, aTHEREREA A EFER
BENETERE, 2022 Fai5 MR, PETBERBEREBIIEEISEIEE 4349 H TR,
G EEXBIIEKIEEN 82.1%, PEINEE. KA. EYRENKN KBRS B4,
EEkER,

2. 1.1 sk R A e

1904 FhERRTHE—NKBLE, 5, PEKBRRERRE, KISENFLRBEES
ZENEHAE—,

hEBE T RAENGPIELR, HET —RIFADTHR. BRZEMBRAMNEELGR
i, ABEKETLYERNEERESREARIEMH T EAIB, EINRERHEREAE
ROFEBNARRNERE D, HKEREBIERIR RGDEHT—RIE, EA—FIEEMN
KEBuh, XA uh AR KHIBIEFENT 8.

2.1. 1.1 AKHLBE PR A

KOEBEFRBETHETERRI, AR, WINsELE2EKNEZBERBEN =722k,
MKk E, 2020 FrmtXKBELZBE L 58.51%, E£hiX b 18.5%, LXK 4
10.9%, 7. f£]R. RILFREILKBLEBE LR/, 2518 5.9% « 4.2% . 1.1% 71 0.9%,

2.1.1.2 kK hkH
RIE (PESGITEL2021) , PEKBAEEMN 2015 £ 11303 ARNRS LHE
2019 £ 1304.4 XE B, HAFEEIEKT 15.40%,
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& 2.1 7k Hh%H (2015-2019) (TWh)
KR, CPESGH4E L 2021)

EEETER, PENKBENSEM 2011 £ 232.98 FEILZE 2020 £ 370.28 FE,
+E[EIEK T 58.93%,
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b EIFFRSHKE KB, UEEF BT ZHHBAERBMEBEE T 8F 2021 FIK,
oh EHKE REKB YA E2IAT) 3639 5T, FEIEK 15.6% o

hEBAET T XFHMKEEKBELEBOER, 2014 F, BRAXZNERERE[ERE
AT (KTFRBHKEEBUEBRREFABEXOMANENL ) f (KFrEMKEEBIEN
EIRALF B XEMENBR ) , B THKERBUNBRARE, EATH RKERES
WMo 2021 4 B, BREAANEZENEREBRBDEM T —RIITEHKE NSV H HIE WL,
2022 F9 B, BXR&EERKG T (HMAKERPKALEML (2021-2035 F ) ) , HpEIE
(Rt /NI B FINE B AR BT AR ZM K& ERN BIraT) 2025 &£, f#KE R~ 2
iK% 6200 F TR E, #2030 FiXF 1.2 0 FRA A,

2.1.1.3 kAl fnE KT H

hERKSTHABRMBERAS (UTHR “KIBH" ) TBENEKALB, RER. §E
SERBEMUREREVS, EhE. AEF. e, BEhA. ERFEEZMERARBALS,
KIHNRPERANEN EHASFLRERNKE EHAS, A5 RENBTEN 4559.5
BT, HPEAERTSEAN 45495 5T, SHEKSEBENEEN 12.3%, 2021 F, K
THEANABEN 26288 (LT AN, ASIHFMEZLR. BIMNI JZE 500 E K FLK
Bk, FRAEESREF SRR EKELL,

ERBHNERERAS (UTER "BEEN" ) 2PERAENEHRE., BERBHRE
ZikaykE ., REFIXRERTBAE, EENTELHNREEN LSS, BEEKESR
NEEMS, ZASHEE=, KEMBFENHENR)I. HF. =8, HEFEX, EEH
NFEREZIKBEN 52% A, ZEHERZ TREE —NKBF LR, A2EF 13K
KEEMDHEE=, BETRENENTEN 1470 F TR, 2019 EREAREHNKER
45450 5T R,

=k uE i FHdE B EE =3, AT DR, ZRKBE2HER FRAN
KBTS, FEMESEPHE. A8, MEMKEEREFR B, Bt RENEEH 2250 5 TR,
Hp 2 6 HHNNAENTO R TR, RIIBELNNBTENS F TR, #ZE 2021 F12831H,
=ik B uh Rit & B E1LF) 1502.8 {2 F F L,

BEMKBEEN TSI THONIETEENZEELREERN, BEMEEAE, ¥k
R, E0. HETHMEFHNLBEXBMESEEMGN, BEAARENT F5H5
RHET/NAEHNEE 100 F TREKELBHIAH, DENNEEH 1600 F TR, AEKEKEL
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201 FFHAITEE, F—HABHAETE2021 F7 BABEE, 2EHEMRE, FE2URT=k
KB b Bt 5758 — RUKEB b,

EMPUKB I Tt EEEMBERK IR Rig B, EKITARIBENE—
FEARBKEL, BEEAXBNREMES S ENH, BMIUKBIEHE 22 8HH, ZFEA
2735 TR, 5&Y4AH 1981 F7 5 30 Hi%/=, 1988 FLRELWMAR T, #E 2021 F£12 B
31 B, RitABE1A% 6054 (TR,

EREKBUNTUTFUINEERENZEERkEERASITRE, TEHEER
MEFHX, BItEHLRET 18 82N BEATT FTRAKRELZEY, BEVSEN 1386
FTE, 9542855 K, ZgEKEEHR FF—ERFTHFTESENSHERKEL,
F 2016 £S5 7 FiE® (FIDIC ) TRHEMBARHK, BILTETF 2005 FRIERN/SEN, EHAN
BF 2013 £ 7 BFFMEAH, 2014 £ 6 AJK, 18 SHALIES~, HE 2021 £12 B, Rit
K EBEIX 4754 LT R,

ERIVKBIUENFOJIEEETSZBEKETRANES I NFTE L, B8R
T, FEPE. MEBMEANE. BRI SSENH, BERET S SHENEENSFT
KB AZBHA, AEHR ERANEEFMN, RREFSED 1142 K, BRIVKELTF
2006 £ 11 BIEERNFILREIE, 2012 F 11 BE &A™, 2014 F7 BLm@i%~, 2018 F 5
B 26 B, ALK EmBEN, T 2021 £k, BitRiTABE®EIT 2600 (TR,

SREKBSN T AU EXRNEIFRE. BUMEBAE, FEHHE. &
EBMEHF. RHSHEFIHSEAREGEN M, BUEARNAEN 1020 5 TR, £EE6F
R BEYRET 658V EEN8S FTRMKRAENA, 2011 FHBEF L, 2021 F£6
B &R E %=,

KWK ERRBIERMX EARNMKERKBIZE, T 2022 F6 BLU2mE™,
BIb2dET 6 SKERLENA, RENBSEN210F TR, SEAXBEIR 252 TR kWh ),
EFTHENERT, KBEREAT] 600 7 FREME, EFIE100 5 PFREMNEBEETHBE,
T EEBNAR~E, SEIRDA 42 FUEH S BRHE 2800 ME) — BT HM

2.1.2 WHhiE R B

2.1.2.1 MH B IR AR
hERESETEAFE-ARE,. IEFHX (HEH. K. fE) TP, &
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EELERL,; HrEEl. HIEATU. 2BRU. sEXEUNSES RIS A
#X,

RIE("TOR" TRERBEREALY) , PESEFHEE IRBEDRE, EQR
RURER. K=M. @/, BR. EMTEXELXEEM,

2.1.2.2 Kk

BB (P E%KITEL 2021) , FEXE~VEEXRARBILE, ZHEM 2015 £ 1858
7 FEREEE 2019 F£ 4060 {2 FER, REEEKT 118.51%,

450.0
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400.0 366.0
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300.0
250.0 237.1
— 185.8
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50.0

0.0

2015 2016 2017 2018 2019

E 23X Ah%H (2015-2019) (TWh)
kB, (PE%IEL 2021)

T+ ER, PEXNBEINEZEE EFAER, MN2011 F646.23 T I F 2020 F
281655, EFEIEKT 5BME, BREERNEEE R, 2021 F, hEFFMNX BEY
BEILF 30015 FE, 22016 FHNHRE, EHES 12 FHEEKE— NEXNEREAHN
KA, BRI E S £EE N BENAEN13%, AN AHESEELZHEENT.5%,
5L 2020 £1RET 0.3 M EARM 1.3 M ES S

105



BB = rEmMEERS G R R
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250
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200 184.27
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150 130.75
96.57
100 76.52
61.42
46.23
50
0 I

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

B 2.4 RAOKZBEHEE (2011-2020) (GW)
Rk PES%GIHEL 2021, PEY 4L IEA S

hEEMAHR EREANNBREFHEEN, hERDRRIMNTHNTELHOE, F
R =W A FEN L —EAEGE, BREFRNTEREKRRENENAE, FRIBEZ
DEHHN B THAANGE, REFVARELRES EARS RS,

2.1.2.3 Ak fneE K H

MESHNREERAS (UATEHR "SREE" ) EFFAXERALBHA. BRRZESD
RERBE, SPERBEEHEGNETIARSENERALNOR BEARRTZREDR,
SRR PERANRNBIREFER, FEAL, EXREE 4456 KRBT HBHHR,
LIRRITEAN A EH 8600 5T, Z4RSELRE 5000 5T o

RIE 2022 ELHH ( "THUE" THAERLENY) , PEE.

EHURED, K=MA. @m. ER. EPEETHFRABLERBEMFLER, HiH

—iEAFTRANESMBETER XA, SEEMTABERHEIRTES EXEFEMNREMH
BLEERB IR,

HHETFA N B AR, EEME R BRARCHANTENE, 0% "THURE" HiE
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AIZERPEESEFAFVUEBERBIE, &7 K. I fO. @&, Wk, I, I, £
BERBNBREEFGHOXE, SE6EHMBEE, #—HEHF TERRTEE L XNERE
TRAFTEE, 2025 FRINFEM—ER M EMELERBHITE,
GEURER. K=MA. Hf. BERANEBTESTSNBEMFF L, BEXEMEEE. BK
Wik, BEFESEAREKR, AEMASKIIEERE 1~2 MELERSTETR,
GEBFRBEHSAFEL, BABIRESHSBXEBENRGEMEEER, BHEL
MEERBEFFHS~VHERRE,

2.1.3 M EEATRIE

2.1.3. 1 BB IR i

TEZBERNSENABENELREDZ, FUZFER, PERIVEEMAHR, &
RERGFTHER LH LR,

MK EERE, HEAXBEFEEPEER. EEHARIEMX, 2020 FERMXIZELR
HERe, G52.2%, LRHhXEHES, ZELXBE L 38.9%, RILMWXZELER
&t 8.9%,

RIFERAUNENEREEFLZHBN ( “THOR" WREEEERMK) (2021-2025 F ) ,
7 2025 £, DEZBETENSERIAT 7000 FTRAS, 2020 FHIETENAEHA
5100 5 TE. PEBFERIRHENTEZEMBERE, RELRELTR, SEBHEMLE
BIZBTE,, ZHESE RIS SHE. TWER SRR MEERENGEEF A, B,
b EUFREEMEHIN TS BT EA 2021-2022 EHESH TSI 7 i WA e H A,

ZHE X FFRZESEFARE, MIRENSRSH. R, SR/l B
SIS S ELRSE TR,

2.1.3.2 ERe R

hEZEEABEHR 2015 £RCRIEIE K, 2 M 2015 F£5 1708 [ FENIEE 2019 £8)
3484 {ZTEES, AEREINT 103.98% WM L,
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T EZAEABTHEALEESRK, 2020 &£, TEZBENBEEIAT 4989 5T,
Et 2011 £/ 1257 F T REK T 3 £5,
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2.1.3.3 Al fnE K H

hEZEEB NN B RASHHERERFUZSB ., ITHAZBE. =B, 85%HB. BEk
. EMNEEE. TTrRBEEERBAR. ARZEEM, 2021 F, ZASKBENARITH
A% HE 1826.37 L TR, REK 18.61%, HhixB A BEE 1731.23 LTS, FEtbig
K 16.71%,

hEXERAERRS ( UFEFR “Prx” ) larF 1994 &, AT RBZE . ZIRRL
REEFIAPIRES B S RE R, B E 2019 FIK, KATEGKEEVETEN 2714 F TR ( 5FE
KX S BENAREN 55.7% ) , HHEPEE—. 2L, EHRETEERIETEA
578 FTH ( A M EAMERENNBEMN 42.2% ) , BLREANIZBEIERD,

FUZBEHEPERGZBHNL R, DTFEREBMOAGTP OHMX, BRRUZBE
HhitH I ETETIE, RENAEAN655FTEH, FABELN500ZTRE, BRIFEHKX
BIEHERSY . HARFE. FNBERRNZBEM,

ZIZBEERASTHNELRGE & 125 FTERNZBIIA, BENBSE750 5 TR, 5=
MR, —HTRET2009FE4 819 8FRAL, XETEE N =RZBE T LKITHRE,
hEIMIEE LR ARANETTRE, =8 1 SHALLKE & AP1000 X HL4A,
F 2018 £9 B 21 BEAFWIETT, 2018 E11 B 58, 2 SHAAEHVIETHE M,

ER—S RPEHAEZRLE RN E=RZBEA, REEERTHLERTZ
EZNE=RENNRNEZ —,

BN TP ERB LIRS ST, ZH A8 EEERATHRXEHRENET,
Bt 1 SHTEBRRT 12 G MERY, MHEE |45k 18 Ff,

2.1.4 KBHAEZ eALhi

2.1.4.1 KPHAEGR 51

RIEFESKENEEE, 2021 FHELEFEYFRKEDEREREN 14934 TR/ E 5
K, FAEHANEEMX AN AREETBRAT DI RBAOEEBX, BAMS, FHE. fAE. Adth
IBFOPEER. PHRIAEED. AR S hIPAITIE. LILTILIB. ERRmEIP. ERBIPIENHX EK
P RERERBIT 1400kWh/m?, Hoh, FEEAIE. W)L, ARG EIE. SHEAILHEH
HEERH X FKEE SR E@BIT 1750kWh/im?; $5ERES. A& hEFITEEE. FEibchErF0
PEER. WLPEIEER. STAEILEB. RS, AR, BEBI. TRERI. EEABSHEK
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SRR E N 1400kWh/m*1750kWh/m?*; FEIEREER. WK ERIEEE. HRIL A, £IE%K
IR EB. fERAEIB. AL TORAI. Lh AR, WP, mERBLIMNEREIBEHEFK
FH AR E N 1050kWh/m*-1400kWh/m?; PUJIIRER. EK. =M PALEB. g vadbaf i
LR EHIX R E 1050kWh/m?,

2.1.4.2 XFHRERH

I+ ERPEXRF W AERET K, AREBRIFEZRE EFES, 2020 FHE
HRERBEEYBEN 253.56 SR, BB 24.18%; 8L 2011 F£M 212 F R, EKE
it 100 £,
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2.7 KPREERX BN AE (2011-2020) (GW)
kB (PESAIHEL 2021) P EE AL LIRSS

2.1.4.3 Ak fnE K H

RIE 2022 EAHHN ( "THUE" THEERLEINY) , DEIE.

HREDERATEETHF TRANFEEEN, BRAREDEHERTR, ERER
B, XREB. XRAKBBES, BETHTEEFEREL,
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RERULOKBIFTRE, ERESEEAM. BEMNEHXGEHRHENRLEBIIRE
bk, FEHWKME. BRSHKGRRTH TRAENBIREM,
BEREARGENERE. SZH0, EASHK. BEEDRBX, HEFHEEAR
Hh, SBEMEAKRRES, HATEERILE, KAEILHEMX, FELXRFHFELHGE
B —HERIE P IRER L B, WaIRIGHE I REYTE. YWIEHFSHEX™ LR,

2.1.5 AREHRFBHEH K

SEREERAMTREBLXLFENREREREARNEBSRRERE, PEEISHR L&
AUFIEE, FHE~E2H0 3300 A,

2022 £ 3 A, PEBEFAAHT (S~ VAR EEHN (2021-2035F ) ) , MUEIH
SSBRAE . BPRIBRR,

RIEERAXZNERERRDESN AWML, 52025 F, PEBEARITENSEE
U EBRAIEBRTE, VAN RERS, BEAERZOEANFHETZ,

F 2025 F, T HAERBFISEIAZT] 10-20 U/ &, MAFESEERNEZAMI,
LI AL BRORHE 100-200 FUE /4,

52030 F, S~V HBEERF, UBERRHE ZNA, X EHAEBIREI,

£ 2035 F, oTBARBEHEELmEERPNIEERTRA, NEEREREHELRER
EEXEEM,

22 BEMZRBREELR

2.2.1 7k

KEBZHWAEMARANTBERE, EEKEBEENTEFRRILE, EBHRFETK
HfgesBFOREEE/EM. AT, £ESeERKBY KENER, & 2050 265"
LSRR, KEBHTEIFAK (IEA, 2021; IEA, 2022a) .

5, SRITEAL, 2021 £F 2030 £LBRHFIE KB FENBETITND 23%, B
BMRE T AKNEBE, REAKBEAEEERNEBEMN 65%7, A1, HEERNTEXNE
FRKEBEBEES4 T AT ( Hirons, 2020) o

@ http://english.www.gov.cn/statecouncil/ministries/202203/23/content WS623ac568c6d02¢53353282a4.html
@uf % 10 4 (20122021 47) AWK # L EH FHE (EPE, 2022 £) |,
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KENERREERLBEBEERN, Bth3|% 7T KIFIKERE FEASIN, KINFD
KEMKNEB WEEEXEE, BHAHSTINEH KA EHIFIBIR",

BEl, EARKRNKEENFEMNTISHEHREBRNARELX, Bit/Key k&R
REVGRIUR ST, TEXLEH X FF A K B ol gER NI R E S R GRS EY B M, BNTESEER
EB4rBEHE ( Murray, 2022) ,

o, BFENERERHENSERREBE, fIAFGKENNEEZEMNAS DHNH
AR, BB BHREHERkE (Murray, 2022) ,

HETUEBER, KEEEAEABARGEY BMHKRZ B, R\ (T FEEREY skt
% (PDE)2030) , /KBB A BHERENES T, NHHMPLELEEEEIHRN 11% ( EPE,
2022a) ,

2.2.2 #fig

HAEFRBZEFARLBERS (CNPq) WS T, BM 1951 EFEABZEAR, H#E
1964-1985 FE BT 46 BAEINR T AR AR & B( WNA, 2021 ), 1985 &£, &4 1S( Angra

) AR EEFIERENZBIM, LZBENARSHRBRASISAUNZHARINE, ZIM
B ¥z ERMAE ( TOLMASQUIM, 2016) o

FERZ BTSN 2 5T 1976 FALER, EHTUWBEERRZE, EHFKEEKET
TiHA, 2001 &£ 2 BA R WIEE,

BERXATIER — S EiEREHN 32, FHEHAARE 1405 KR A BENFE = EX B,
RIFBFTERE, XERIEES 2 STNARANFZEL, BREAREEANLH, KERFEMA
BEHRRG, 1ZUE T 1984 £H T, EKEZ, % B F Electronuclear /» 5] % 2 /& IE & 1
PR NN EIT S, TEEEDR, 1T HEHIRE 2026 £LUE, BRICE 16 {LETH&
RTREN 35, BEE, TTEEIBMNI0 ZETHERER, PUTLEI 3 5TF 2027 F£744
ZEE

EAZBEENEEKREE (PWR) A, X22ttREEXRANEAR, 4960% X
FHBTREELEL, 2030 F, RFTFEEY KiTX (EPE, 2021) , 2030 £ /58
B TR R AR KR AR . WL /B R IR B R R, REXEHRRAR RS
MABEEZSEN,

OEWAN LB HRERT AR, SEHR, A R LB L 4k
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RIETERERITRI, BT R84 35240, T 2031 FHEE—FE 1000 K E A FHX B ik,
2050 £ ERAERITE (EPE, 2020 ) 2iBEMRNELE, ZiHRIEEHWEIFR, & 30 &£
N BRI BB 8 TEIENE| 10 FE (&% 8 EHIZBL)

HE 26 BHEESETLARS (COP26) &, BTN WAIGERBKEH 7 HEEHR
FRORIOES L X ABR X B I T REM, M 2023 F£3) 2025 F, MARKTUSE5EIE,

2022 1 B, EWy Y EIHSBNHRF 0 (Cepel ) BT —MEEF BHIZBIL
PEHEE TN, ERFREHRNEBRA, TEEEARAS M, EEFIITEED, B/EHIM
EREH BN EEX,

BYHMA S TG A E T EEZERKR/AS (ENBpar) 89836, Z235=2 2021 F£9 A
Bt ERAS, BHN2EERE /A5 (Eletrobras ) A HL/GEE HiZ A=, ENBpar
B WFIBEREBA KB, HINaEEHIREKFDAEIR BIi% B ub 801517,

B EEH#HTEN, BAERHNKEEEIESR, AT IWX— B, 2021 F
ST EAEEMEMNERZLES (ANSN ) , ZIMBHEXRZEZAS (CNEN) 2EmE,
55 W AIgE RSB XE, RRERELERBEHAKENM,

RAIEREZEREATERE. KENRTEN SZENFZERERS T, NERE
WAL (BT IHARE ) SEERVAME ( BERRTFRENM ) 2 BHNRPR, BREREFMER
PEEE AN BIEREEE ™, REERMERERVEHNZLEZ,

ERHEFENHTE, i BERR—H 2 E RER X085 7R 4 244788 1 ( U308 ),
DNEEEFETMN . EFRMNAEAMM (INB, 2021) , +HEEEEY KR (EPE, 2021) f5H,
BRI EREEBHN ZE D 14 D 1300 KR MBI, FHRERN 85%, EFHEEERE
TR BEER B T H O BB BEHER AR

B sy FRHEAERZ TV AS (INB) @it H AT EEIT MR 5450k
BT (URA ) FFRE, 1ZEBIARRY F8 0 TE/E, £-HMRAMKEY N H= Y (U308)
W=, BN REBE, FRESNMY T T HE (20152019 F ) , HZE 2020
FAHBERE,

AT RRMERR, BIEEFENBRERNE (H®RER%E ) , =, EENXES
FUEIROM I Bl URENCO 25k 4k S F EHNE, FEit, ERE =i REEREEER

OEW RN TA BB A E . KK FHARET (LR KX (PDE) . (EK@IFAXD
(PNE) #&H T Rk 30 8 K# MR, KA 4 PDE 2031 F PNE 2050,
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SNHETT, TEBERERBET i, MNIEHEKLEEHRE (Resende ) BI% T IR48 %M,
ZIR TG R % = A F 5% 89 U-235 ( TOALMASQUIM, 2016) o

LI 2050 FEREERITN BrmIGREHE, LHEELRAF ITH%INE Fl. R
BHEREN 3 SHWBETE, THEDNINEEHER, AMZMENETEL/UEHR,

EFHRENEERTRE T XEECHENHNEW P HEHIRF . A THIEXEREE
MR ZIARE, BXEXNBEINEWERINDRE, BENEELAEELNKEEELE, 21F
MABRRESEREIE, HEEHZERE,

AL /B R N TE B # 5 1 R ATM T, R R ARz X 5 8 MAEE/ NN ER,
N NIEREHESMXBEROES, TEESTRRE, BAFEBRNBNERRY.

BRI ERIEATXEERZRNEE (FBNR), TEF LM E R ZBMEEIBRSE,
FBNR X AEKHERA, BRETHBE=TEMSEEM ( TRISO ) MEIFRHI. BE KX
RNETE SEFE—ROFEZ R NE ( FBNR ), XfP R N #EEGIRITEE . EFUN 25,
Z4e REHTRHENFS, BERZRNERTHEZBIEE, BitATFEHRRzhX,
T ETRBHENRBELB 217, I BT EMNKKZERHE.

BERZRNERNERNE (T0KREN ) , BFREERNEK, £EHEERE,
SERET HTRE, REZHING, TERGDRINRE, FARKRTHEESERTN
MBI ZED, ESEEFHTEELI #HTHE, BRFRRETENY SR N EFRREIR EHE
EFrIIE" (INPRO) X EERZ RN HEHT TS, INAZTE REAE REREKEHN
.

BRI ES DM ERERAES TV EEIEE, ME~ FBNR RE,

Stkgagittate, NEER R N EAER 2 SETFHRIMXAESIZBE RA=52
—, EERENER. MARRNES, XTRNETMERIE A, /oY RE,

EHHORNIERITTERHNZBEREEREA F—RRNETUNATFEHEBNGHE,
BRGIHFEEE T WAL =FRBE™. SESMEMREES. BARFIERN A,

PR, SRTUKPZTOIEZEAR. NEER RN, BREZBNEREAS,
KIBERBIZEERATEE, ZBAXHBEEES FOTEEEER,

WMREIUIZELBE 1160 TR ABELR, 2020 FE 2050 F1§ Rt B bbxHE
W87 THo #2050 F, BEEETLUFD 5 SRMHAN, WS XELENHNERS
(NEA, 2021a) ,
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2.2.3 E=PEitie
AR EERE RSN S EEEEENMA, EYRETRSER—REREEN
31% (EPE, 2022) , BERAYRENTEREE2EDRE. CENEYEHIR A S,

LB

1975 F, BEABEHER CBitX, #r 28BEHA, &7, CBEXULKZENEXEAR
SHREER, 1977 £, BESCSAERAED SRS 4.5% W2, BEEE—#HfEEUEKT
B2 A RRIER T INAE 1978 F,

BRI 20 42 80 FFRUILR LR, HIE7T 1985 FHEEVIEHEEH 96%, A,
WS HMIERNBUEFLEM A T L, CEREHEN ZPE, 20 4 80 FREHFHA, BT 2
B, ZEAEHEEL TR, AMEWL, FHANSKZBARKNNERELETS DRE, T
KZESRBRESERRG, CEEHENARBRTMN,

2003 FRJERECAEL I, B CBETHFGEH ANFNR, XF)TZEE o] UE B ETEE
MBS, RIEMEDEENHT H5 T ERNESKZEREE, BEl, RGBS EERER
ZiRh ) & EE Sk 73% ( Sindipegas, 2022) .

RI|BMITAE, CESHEHESEAIM 18% ) 27.5% A%, BEIAMLEH S5 HH
RELEBIN 27% (E27 ) o BAARE “T@5H" 28RS T BKCEHTH,

"EREDBRBIBORITR]” MBS 13.576/2017 S AEFIE, B—IE AR EYREE
AHBFBR, Zit il 7R ENFEEIR, B gCO/MI (w Z R xS ELEK

) WENBERAEEAERE, REHRATF, A7 LWXLBLR, LABREDHHE BT
EYBRBLE =R B EIRE i%%ﬂﬂ%#%}%&m%%(cmo o ZIBKT 2020 15
FREH, BREAH. RASTEYRES (ANP) ' B 267 RZETL . 30 REYLE
I A3 REVMPRI KBS A ( EPE/PDE 2031) o

ERGEBRBRZERSE 7/2021 SRWERE T “REBMELTH” , HEHNRIRSTRE.
REABIAEEE, BEESFAREBR, fAIUEREYRBERITY. BREYSME=FFFER
T BREWIFFITRIA 2030 BEES, RiBZITY, EEERHAREBERIIHERM
FEYRBIFFTRFFEERD, EEDREE = PRRROEBUR NS AR,

O#ZE 2021 £ 11 A,
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B, EREBFRHER (CIDE) FIB AR (PIS/ICOFINS ) ' Xt 7 BE A1 M e Fi
BRI AR, —EMBFXN CBENBERtARIEE, hitEit, ZEMTHRER
(ICMS) ® #RHT—H, Ibsh, SMLUTHNRRINERIBLL, RITMEDIEEH T
B (IP1) *ER,

HEIEHE, 2021 £EF CBE~E9 304.3 {27, t£ 2020 FEIEG~E (350.8 127 ) F
T13%, TERRAHRESSETEL W, BHHTHREDIESEE,

HE2020F 12 A, £H 361 RCBAREAFSMERTRY . SHVAR DN
A, EBEBCENEEEAN 7.45 (LHEHE ( FREREATRREN 90% ) o

RI\BEFEAH. RASHEVRBBHOEIE, BAFIELVNELKEKZEE~EN
7354 230 {27750 430 {27+ ( BF 180 REFHUWIKE )

A CENEMREREEHRE BN EX CAMERRE KA 282 ( Granbio
#0 Raizen ) , #RFR&E=8E 70 A E 6000 77 FF1 4200 75 F,

A sk i
rEEYSEHTE, BEHEE T REMEYREFERNTRL . EBREDLEME=FFERTR
(PNPB) , HMIELE 11.097/2005 S 51E, MiZit&I/A%H=E 2021 F£9 AHfE, BER Rt

77 520 LB FHEMBE, EER=ZKREYEBERE S, BEEHLEE=, ATHER
BWFEE, SHNFNEESEYEIEZTETH AR, EARERASEARRHESHEYLE
EfmEyEeht 08H AR, 2020 F2FH 380 5. HE2021 £8 B, EAHEH50 %
SEMAEMEHET, AP AKX (USDA, 2021)

=YHE R LE B2 A EH TR0 2% B9EMEEH, X—LEBI#E 2008 £ A& H 2
Ko 2010 £, £YLEMMLEFIAT 5%, tE—EE EF, 2021 £ 3 BiL% T 13%, BRit
R 15% BLLFIIZRTE 2023 LI, 5 11.097/2005 SEEHE 7T X FHEYEHE X,
R FRBER A EFIET4 B T B A £ MR NREL

BRIFT4 A YSEHAE 75% KB KTH, 6.5% KA. EttREaIEE
(2% ) . 1BFE (1.7%) FORAM (1.4%) o EMBRASEYEREZH RN 75% =
80%, HMFASG (WEREFRNF ) & 10%,

® CIDE J i % PIS/COFINS Y N\ 7t 2 Bk # A
@ #H (ICMS) ZMH,
@ Tk A (IPI) ZHE A,
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72022 F£1 BZwl, EVEHFVIANTFERNEEHN, XIPEXSEMEDEBES~RD
MAERTEEEXH, BXK80% NHNRETEHLSEYRAERE (SBS) NiEY, 45
BRixER VLSS50 ( EPE/PDE 2031 ) o

XYy

EYRERKBEAN16TR, ALERENRGEH 9%, HEESFEARZHWER, H
EREOEEEYRESLBEN 73% ( ANEEL/SIGA, 2022) ,

HERBCTRGSEBHESE, HIENFBSERY, £FFEURRESBTRE,
XY RE T A BIEERERE, i, WEHEEB THRFOLESEYR (EPE
2022) ,

HEW, BROCBEEFRABRRABK~REEM M LG, 2004 £ “BRE{EHHITR" H#
M= /5, EYREERBE=BRIKERE,

BT BHBEHhZ, HEEYRER 2ATMNAEETESETY (ACR) IEHBERETH
(ACL) &8 h, AEHERATH T, HAHMIAHEBRITHLHT, BREXEHN THR
DERERBNXZPREGESHNEEE, FEPFEANFE, £EHEEATHP, KB, Bz
ENHHOREBEUERNAERSTURENMIEHESRARBFEB BRI, HHERNEED
HHHMEE N,

AT RAEYREEFRNZEN, ENEYRELBECTENEFEPOLER, BB
FEHE T MEMHIFLEEBE, EEsme gk, BT IHNEYRETES
KRS F 2008 £2547 (LER 2008 ) , #£H 590 KE BN UERSMIEEN, K EXHE
F 2009 FF0 2012 FHEREEITIHETER,

2021 FHIZEEMNH 369 RER B, HF 20 REETEH, HPLH40% 2B
RERIESHEN, HE 2021 £8 A, BA¥f77 60 HiES, Hbh 0 HENmEHER
uh8) 8 S1EHE ( CCEE, 2021) . 3EJLFBMNED T EYRE A BEEREB HIEKFF LS,
BEGESRATY L EYRELXBOFVZEFRALIEN, KGR, B, BIfER
REYRRRABEERBNEFEPNLEEREN, RELEROUREETHEE, EHERAT
BHEN BT HOBEZ MR EDRETZREENNRES, Hib, EHERHHPERE
PR DB R B i 2025 EIRIATIALN 1 TR, ML 530 kKETUESFEHEFHESAD
HARETH PO HREYDRBELE, EEFNESRATHNERASH D, BIF 7T REEREEE
HETRIINE 8988, Rt 278 JKE ( ELETROBRAS, 2021) ,
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HEEAMRABREAEDIHRR, WRENLEETHEEN, EMENFRERBHORE
g, FEERTREUNHEN, IMANBATLTHER, FAXFEHTRSEEL
EMMNRGTEM,

BHEZNMNEEEYRENRBE ST R NEEN 2.51%, BREYREEMN SRR

ARY, XEBERAFHER. BENHFMNEKBYES, BRFEMFLKRE, & KiK.
fE5E. BEEEESFLEk (ANEEL/SIGA ) WX A YEeE A BB, BS5EEK,

2.2.4 KPHRE

HARKPERERT AARRABNTER AR, HREEHAMHEEEERABRE, MFSK
MRHS A SR Bt 2 X — S R 0980 b Tt i

ElARIMAMNTRILRT% (6, AMEXEERY, Hit/LF£IPRTEMEEISKEHN
AMtER, BEAELRtEatt, XMHEFHFEEREAMERETAREEARNE, BR
T 2010 FRESG T AHRNRFEIHMEM, EhIREB NBIHRIHATEN, XEK
RAREHT EAXKREBHERE,

P KR LS

EPANREEFEAR BT, BURARBEEENXASLAR, EPANRER
HENXFAZEHSRTHINE HERTHNRE . EEHERTY, BETBRTAFOE
HEANHEY, FEHERATY, WXERANEEETEITEBRHIAREESRE,

KARBEEIIZE T 2014 £, BYNHRK BT BN T FHAEERE IO E#THHA,
2017 £, RREEFEEREIAERBA ( FREA ) Bhias b, BABREMARRE, X
REBHWB|NHIBIT . LA, BT 10 HAFHILEITT 4.7 SEOABREENES
B (E28),
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IIIo

USD/MWh
o b5 8 8 8 88 3 8
Rl = R R |
88888888
MW

& F & & P & I & I
& & & L L& NS
AT AT AV aF AF aF &
& N N ¥ ¥ N N%

BN LREE (MWac) == M1 (USD/MWh)

E 2.8 BEEEHERETIHAZS EHENRKESD ( FHNMEIMEBRE)
7 LER— T A A AR ERE A LEN — il FURIEE A W h A A—X R R shiEd L e XF AT,

SFiR:  Greener (2022)

RIEAEAMENEFisHINEBEHERTH, RIEF 14.120/2021 S7EE, THERR
UEZXREBMENIRMNR=F, B2, ZFEHEATHNTEERRBILREEME
it XEFMSIRT —HREEMBEFTIEETER, BRAMT 1T 38 ERAEEHT
BHEIRAR K BIFONE, BXLEHE AR LEBL;,

SARFREE

2012 F, EHHERBLEWVFHBIL 7% 482/2012 SR, HISIANTIBE DR LB F
HEBHR, XMAHRNRBHEMIGERBARQRETNER N FRE, WRAMBXLEEX
THRE, NZRNBEGRMHSEN, HERTHRET "RREAH , SHAEERTRBE
B, STUA "ERERT MiF. AXPEX L, RERZKIEENHALBRSE "Bt
FIZHEE o

FITEBARNEEN, RUBEHREEFETBENHN LR, A, 2015 FRUS B LK,
MEMWBELEITTE, DHIARBHERSINFFIEIER,
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T P EANE P A st RETEUR e

BT ERHTEAEAEAMEEMALR (1 TENEEETMA 1 TRNABE4ME )
FITEFECABITD, RIBE 14.300/2022 554, TURAFESBRLZEBEERMENHE

\47 N > P RN o N R
ERETEL, EHHNER R, BARIT REXRIROFE, (B29),
10.329
19 April 1 March 30 May 2018 to 17 October 2019 6 January
00 2012 2016 17 Juiy2018 030 December 022
ANEEL ANEEL ANEEL PC 2019 Federal Law
9000 Normative Normative 10/2018 ‘N[IUQ‘; 14300 5445
Resolution Resolution 25/201
8.000 462 687/2015
000
6.000
5§ swo
4,000
3.000
£l
jnus)
3 -14 5 a~-16 - 8 5 jone22

E29: BEXARASBRAEXBRITENEE (MW ) TUER
kB MEHECHE R Rk B (ANEEL) 69303838 al L Brscay i,

% 14.300/2022 SAETRHEH T “HESTUBEEET (PERS) , Zit & AEUEA
AHEEREAREMIREEES, B2, EAMMBIUATHHERRZE 8EMNA, Losekann
#0 Abuche (2022) 35, WREEREEAMRE, RELBRSETEZTIOBERLT, 7
HEEZME TR

2020 ENHRRREBENBFERE L 28 T, B TEREEPNANRELBERNTE
HFERXNENBZE, B 7 EAREKENIENIEIN, G, PHANRLBLSETELRE,
FHUREUAE) 96.6 HE R, 2022 FE—FEENAERKE1I0FTRAKX (E29),

AHRARREBRENBZTEN 103 T, HPFFEHAL47 TR, s AE33 5,
RIHXBE 14 TR, BE, EENARE 1% ORERELBRNRL B, FEkLEE,
ENSEAZREAMEFEFESRERANB KL BT AR, XREBEDELRE, HHEMRD
RSN RHIE ( BETHE 212 FSOERHNRERRT ) o
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FREATELN TR, THRT SRR EMIRNEN, XILERENEHR TS,
BERTFILEMNN=RERELEEZHO~5,

HRAUHAERRRGRAMAKN 38%, AUHNEERAZSBE (2 RENEREMR,
ERANRALEE P EEA 60% ) , REEMEEEZWMIPLRAGFNRLNIE, 2021 F£%
smEME EKT 200% b, RAZHEELEZ N, PENS SEESSIIRS, HSEH4A
B ELE, BREALEREEEREN (PERC ) RN ERENME T £k 26%, BT&
FHARNRFEORLE, BB ALTFENMEN 3%, 2021 FEESIX 16%.

¥ SR EBF LY G RYE TS BRAAN KIS (5514 48% F130% ) o FEELNE
TR, XETHNBKRE KB, SEERENAR, MEFIE%H ik, #mE
o F1 3% S AN A

HARZLE BB, TUHRMRAREUHERKEFEAFG, XEXETUAEETH
EANE™,

2.2.5 A fE

EHEraERZ (1IEA, 2019) BEMEAMNBRNERE—, LHEM TR EHTHEE
S EHLTTRENTY (W= EM0EE ) LUK, SESASEENZHEE, MATS
RS R PHR k. & (H2) E— 2 RENEN, ThEMMmBEmEk, &
BERARA PO FERBNKE, FiReBEHRNNR TN, B2, RAEBYUBLERE
( RgE. APHREE/KEBSE ) HIER, ST ERKE,

ERHERGE. AAEFKNLKEBEHNEFEZE, REAAZENFETELOE, BaE~S
SHFER ZEMBHRERSNEBFILIESTY., BRRN25KER, BIRRRASK
FE (HWRAKE ) . EEBROTESEELLABES, XABRNRGETHEIMFHEA,
FAREHRAENBSHERANEARET S, SEFRARRZGHE K5,

EANEHAESEEFRBEEE TENERACE 270 Z2%TT, HPABHEDAEEMN
MEIFR (Pecém ) . 1BEHSFMEFRE T ( Suape ) FIRLAHRA S MAMFR (Acu) Z#0,
REBEODEFLABEEHNGERKER, fluRERTVhomAELANHOYR: B
RPEREFIRESEFENTHERRE, B EEEITE 2030 F6, mAAIERENHSIEE
460 It/ 5, Hop REHRBHMAMN, MRBEFABFBEEZEH OB ZEHNES (x2.1)
xU, BEREOZGESFOEBRBMNE,
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2.1 FEREPHS IR ARG A TR Il B R

# 0 R (km)
AR (AFHR) 16250
2F (EREER) 12400
B (1EEEEE) 7390

KRR AMEE IR,

EMNEBHRETE EOES R8BI 22 51, 8558 AF T Enegix 48582 AR
L, BEBBEFHSESXNAFRAEDS TV SEEREEREEST , MEHREA 41
Too Ub4h, MEHEF L NEHR (EDP ) EATIXBT KHEEME, BEVEEN 3 KEHNE
REB BTHIS, BEHFMNNTEHHES Neoenergia. Qair /A5 %27 —TH A MY,
SERBRTHANRRASHEN, TEFBKEBM LI REFMKRKL, BHRLI~ M
KEEEIzH,

EREGHSERXESETHAR (R20) BT —TNR@E& =%, HEHNEREIS 8
AT 5. Unigel RS FFisEE— R, BTAFRMRE, 22 SEIT A EFEITM
KOFEE (Camacari ) BiEF—EF TR, 2T BEAE 2022 FEK™, 2019 FEH
MEAE T K294 3620 /5, Hh 81.5% (2950 Al ) kE# O,

SRR I 4% 2 82K/~ =] Fortescue Future Industries 5B A BB T —IRME & 5%,
ITRIFF % 300 KELHEHMBEXETVINE, NmERARNASE 25 L/ FHEEHR,
IEREE=ENAERFEMNSHRAREESFBTEFFENERETF,; KPS it
FREENKE~INH,

LR S X NFI SR EAFERKES, RERNHISLFEURTAREL BHRRANE,
BRI RASEAREMAK T, MATRAKBHIBXEISHEE, B, PRBXGRASSH
XA 1%ET kgH2, EAREAZFHNKEFHISEZ—, 1TH/E 2030 F£8, ZEE~%
SHEHMAL A 1.50 7T /H2kg (B 2.10 ) . EERAMMX JEEMA ST THEEZSE T,
BB NETHEIE SHEIBREER,

10 15 20 25 30
- B i L
& ]
o

2.10 2030 E£FHISFEHMEHE, USD/KgH2
KR Gurlit 5, 2021 4,
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ERHFIERES FRESFAARTGE SECIFEBE, F7 2002 F, Bl HAFCH
B MCTI @t /3 ah 7 S 45U R 2 AR EIFT R, Zit 1 8§ ZEhR A W ¥R FE)1,
BRI ARREEMRGAHEFEOREATRE, FFEHRERE,

2005 &, W FIgEREIHEL T EASE LG EWERAR, ERRVEEATEREFTRESMT
BN REREARREL, FIOKER, CENEMEYERE, SIEEEPRHRRASEDZIITE
RS WROER. BRYT ASHRNER ST HN2EEK,

2010 £, M. HAFBIFHE (MCTI" ) SEEMKBBIZ D (CGEE) #5H T EHA
FEFEIMNESMM, PRAFD. SEHLTNE WBEMHRERE, URNEARTE A
A9 ( CGEE, 2010) . mX a0tk & fsksk, BEaRIZ, HA. ¢lH5EEL (MCTIC)
A% 7 (THERBIEDRERZ . BARTSFT) , SAEERMIEFE. XA, BLEXEER
SSHE AR (MCTIC, 2018) ,

2020 &, & W AIBEJRER/ATE T 2050 FEREERITH, | 2050 F, EFENTHEREE
HERHEBFRN7FEUE, HPEENEAESANEENER, TERRETHESFEA.
ZHEEIER, URNRE. ©4. s, SEAHNEXEERE S EW ( MME/
EPE, 2020) ,

2021 F£2 B, BRFERBERZRSBIIMN 2 SR T BEAERIBIINMR. F A
TR, MRVBFMLESELIUTER (1) &;(2) %88, (3) £HOHEL; (4) iB8E; (5)
UHSERBLBRER; (6) HFUER; (7) SERITVERET Y,

KEET 2021 £ B 7 ‘BKREEERSRIINE" , X2 1981 FURKEEBANG
REFRERZW, s FTEABFEET "ERSELN" . 0 Vg RSBH#ELE T (EAERE
BEiT%)) (PNH2) %FBF5% ( CNPE % 6/2021 SR ) , BFEEFEHR /A (EPE) AR
B EmEREEEST T EARM, EH T ERNEZHREANE, RBKTZEZ, BEEFK
BEMNASHEEANFITHEIERABREE (EPE, 2021)

2021 £ 8 B, v AR L T "BREEITH” , HENEEWEBENERE S,
ZEFSEM; E5LFHREMRE %, ENABHEREARE, BHTREESMED
%, SKEHMERWDEEANERKR, FRARKIVHTE (MME, 2021) . 2022 £, B
FEEBRMRASIEG T —RIHNAE ( RRSHR ) . BE ( RARKREHRBEFN A5
FEA) AgE ( RASAE ) B8R (EPE, 2022, 2022a, 2022b )

OHRELEALN "EEHKAHFMEAGH B BETFETELRELEHE.
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FUBRERBENRREMAFTT, BE HRAXMNGTREAES MREAEERFEL
817 (BNDES) . EFIRIZHMRE X RINE HEIZ (FINEP) . AEIIIFRAT H MR
REE, ERFELT ZIARNANEGIPELRE, UFXKEATEANSERAK, F
MBARASKBRAZTIERRRNEELBRERN THAEREADRA B hi0EshZH
HEE, EEEIREELRBIAEIE. BFTEHASINEET, EASENRRTL
FMOFhETF 2017 F£4 BRL, ZHME— BN TEASEARNIEEF NS (GIZ,
2021) ,

REWEM IR EETIRENAREE. (1) BIXRRAR. 2B, KEBRAS
BHMEREFSRE, (2) SEESHRARKBIEPHRA (EAMBIEM) , MK (3)
BETEZMIIRON A, FIUrmEFRE—ROESFNREYERIE (PEM ) RE 8 hIK)HRE
(GlZ, 2021)

REMIMNIRZEEBF=AERIFRT —NEERE, ARWALBIHEENEY B
AEL, ZMBALT R EERELDRE B (SOFC) WREE, MZHEMkENHE
ZBzREE, BSLF 2003 5 Hytron A SN AT KD E MK, 2020 FH#HEkBEETIR
MES L REH (NEA GROUP) I, ZASI BN T IRAESBA T ZURERMNRASER
ZHURGEN, KBRESES R,

HRIBFE R L /KB IL ( Itaipu Binacional ) F1EF 8 H /AT E2H WL, B THERLRHRA
EX (PTI) S8R0 (NUPHL) o ZBRGD ORISR JUSTEREEN AN
SEH, BIFEr. Mk, KRG, BEURBEERRSREE b SEMRE (0ED P )
HIRSEH, BEAAHZEAS (EMTU) FIERET KZFE (USP) F 2021 FHIEHREELD
REE, BRAFEIBREHRFITEEFERLIE (Labmater) , B2 HAMGFIBERE
RIFRFFIAR ZTREIBAS (UFC ) RARABRBETBREEAXTR, EhEMAERKB AR
FAEXFERNFRE 20 TR, EALZ8FT 0 (H2V) FEARRFR, SFERER
BN TR BB KEI R,

FEEMEES, EE—RANEEH - TEEBUFXATHERZETIVEBEAHR. &
RARBIARERSNE T ARRAEL ( ABNT/CEE 067 ) R TT A RERA LB KX TS REH
& T B 8 iR BB

/=
=
=

2.2.6 EVHER AN AT RE IR 1R
51975 FEmHHER BT DK, B RS T —RIRHBER, RIMEDREINER,

124



R AR R 5 A b E R e ke (I

EYHSNARB IR CEBESFURMNRE MRS (BUEEF A 10%, TitEEN,; 5&
EEB129 27% ) H9RL T PR MIREDE A0 A SR Y KA E T,

B E R G o8] 3 7 B AR IR AT

21 L LE, @RBETIFERE, BEAER ARSI BTEE MR SE T
RFHINE, EEMEMNE, EHEXEFFEEERERIAME, ZLFETERRE, 2004
F12 BEHBAHE T “EaE=NFERAERITY" , Eb8EIHRAMEREI MRS
REER M NBRF R A 7= AL, JREE, 38 11.097/2005 SIAENS 4 ¥4t 5| N BT RERIEFE
2008 £ 1 B, EESGLHPRTIRINEDEMOME T IEER, EMEBHIVLELERA 2%,

AT RWMAEYERE BER, 2006 F, BEHERABASITEMAMN . EEITMFIKLH
HTERETM = EEE Y SMAE T #1177 E, 2008 F 7 B —RGM EIRRITEE ™,
2008 f£ 8 B RAEYEM AR AR, 2009 F1 ARE RN T T &=, X=j&
BomT BEMERNIRITTEE, BERILEF 1T 2T EYEH, 2008 £, PEAEXRAMAZ
327 Petrobras Biocombustivel 23], WELERXTREEVEBIN CENIAEZE, 7
S5&RRISIEREIISERFEXR, AEEST, BEAERAHAIGE 7T HAEMX R T
B, BENRRIEBERENERESEYER, FRNFTERAKRE N, ZASE5/)
RAMT 4 = FZT THEEBIEE",

2010 FF, EHRERAGHASINEYMEBEFEAHN 11 7, JEAEYERHEAEY
10%. R, Z/A S T 4 448 5H /2 5] BSBIOS Marialva Biodiesel Sul Brasil ® 50% HB&4Y,
EYSmT Rt —Tiee, 2012 FEARRAGBASIMAERRAREYEBEH—, H
HE e T IR 0AF R BB Bg A = A s

ERAERAHASIKEEE CEDHEMNE 0 A BOEMIZE, T 2010 FFEXT 285
TR, F—EH% AR5 LE Tereos Grupo B 7E F/A 5] Tereos International & 1EFE, W
HEEHE 9.09 2= T a7 B FEEE WU A HE N TR Aglcar Guarani 45.7% 8 B&iX, Ke/g
5 Grupo Sao Martinho &1 % 2.44 {23 75T, Y7 Nova Fronteira Bioenergia /A 5] 49%

@ Petrobras. Relatorios anuais Form 20F, 2007 a 2018. Available in: < https://www.investidorpetrobras.com.br/
apresentacoes-relatorios-e-eventos/relatorios-anuais/>. Accessed May 03 2022.

@ Petrobras. Relatorio anual Form 20F, 2009, p. 69. Acesso em: 03 maio 2022.

@ Petrobras. Fatos e Dados, 02.07.2014. < https://petrobras.com.br/fatos-e-dados/petrobras-biocombustivel-
produzira-mais-biodiesel-a-partir-de-oleo-de-cozinha-usado.htm>. Accessed: May 02 2022.
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BB, DL4EFA0Y X Boa Vista 1 SMBJ Agroindustrial T B4 =, BREER A HA S
%7 Biodleo Industrial e Comercial ‘A5] ( &£~ B H. FABHEIBFIAZH ) . Bambui
Bioenergia /=] #0 Total Agroindustria Canavieira /A5,

ERERABASEAEILEARBEMKEE T 5 MREH (Mangue Seco 1. Mangue
Seco 2. Mangue Seco 3. Mangue Seco 4 1 Macau ) , &it & B EiAF] 106 K ; HBiM%
BT R NEK B SEFIN AR Z BT UFVAR %,

1B B FT AR AR IR AT

2014-2018 FEAER ABASWH VI ER, ¥ RCBENEYEBEFR RS EEE
Rz —o 2014 FZRTEFTETREYEBEARN 17%, A, HBFBENENRAH S
B, ASTF 2015 FHBIBEE TN, BERAESREDFAMINE L,

EAERABASIERGHE T — AR ZHRE~EETT, RDREH LT TFRBAX
ARRNE RS £, 2016 FASREREEDMELILES, B 2013 FLUIK, XA TN EH
—HA TSRS,

2016 £ 12 B, ERERAMLASI 2.02 (ZETHNEHE T EFE Guarani 2B #9847
(46%) ; 2017 F= X £ 7 Nova Fronteira, 2019 £, AS5ER 7 WEHE V%, 4 Belém
Bioenergia 1% Galp &£ 82 /B/AS); HIMAHE T BSBios Biodiesel Sul Brasil /25]. PBio #F
% (6.07% ) #J Biodleo Industrial e Comercial /2] #1 Complexos Bioenergéticos /A=), 2020 &
H €& 7 Bambui Bionergia, JLABI A 2 G, XX EBRSIEEAEYEBEFTNSEEEE 6%,

2021 F£4 B, BERERAHASHE T HFEH Mangue Seco KB FHHIBEH o

I E R Gk 8] £ 7T B A AR ARG AT %

2[H7 2014-2015 FHEERIZ G, ERERAEASZEARGSIER, BitES
BHTIUBEERES, ARAASARIGHN EHKOFNEFEET, BRLASIUESRIEHE
BT, SRS M 2014 80 1322 (L E TR A F) 2021 £ 587 {ZE T s 2021 /A FHIA
B 212 {2 £ 7T,

O Petrobras. Relatorios anuais Form 20-F, 2009/2010.

® Petrobras. Relatorio anual Form 20F 2015, p.6-74. Accessed: May 06 2022.
@ Petrobras, Relatorio Form 20-F, 2016, p. 113. Accessed: May 07 2022.

@ Petrobras. Relatorios Form 20F 2015/2021. . Accessed: May 06 2022
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EMOMEEGT, AEESFENTBEAERBRTEREPHNER, MAMmEREELRED
BEWEMAE, REH (FIFELI ) BrABASEEETAERLE, EAERAHATH
2% AE B A B itk o

BRI —ETHRPEAEBRAELASRE T IBEERV S, EORETHELEMR.
EYFSMBFE[EFRANE, THELBREYEDNERS, DEYHN, TS5
G SRR ESER, EEEMERDEIMNNAMRE", EMESREEA i Em
BROEERR, BFRAMSEL (ICAO) BK 2027 EFF A REYHIMET, A5H
2020~2024 FRg M itHIPIES) T B4 SShAE YESIARL, BHEN/A SRR ARM I,

7F 2022~2026 FE b itklt, ERERAMASTTHIN EYREH HE62%E1T, U
O BAEEHMEYRSRE, RSB T ARREEL ( biobunker ) FIEMAHTHI O B A& BE
BR AT EINE .

ERAERABAS EEE SRR RIZEE. REMAMELZBITY, NEEHERE
TREE BVEREI M E Ao

® Petrobras. Fatos e Dados < https://petrobras.com.br/fatos-e-dados/petrobras-se-prepara-para-futuro-do-
mercado-de-refino-e-gas-natural.htm#:~:text=0%20Bi0QAv%200u%?20bioquerosene%20de,brigat oriamente%
20a%20partir%20de%202027>. Accessed: May 09 2022.

© PPetrobras. Fatos ¢ Dados. “Petrobras se prepara para futuro do mercado de refino e gas natural” .
23.09.2020.< https://petrobras.com.br/fatos-e-dados/petrobras-se-prepara-para-futuro-do-mercado-de-refino-e-
gas-natural.htm#:~:text=0%20Bi0QAv%200u%20bioquerosene%?20de,obrigatoriamente% 20a%?20partir%20
de%?202027>. Accessed: May 04 2022.
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3.1 FERH

3.1.1 REFHIBORMBEIRIESE RE TR R R

20 #4290 F &k, PEBFNXHIZET IBELEELARNE, hABBRTARETRNEZ
FHRMBERT TEARRERE, ERNGENLATFRENVMEME, EE “+—5" #4
(2006-2010 £F ) , FEESHEERBHORZET, PEEERFBEN "BEHEYAME. T
REA. Z2TRR. KER., RPTE. NEEREFSHE, BOMRRE. 2%, B,
RENERBNER, NEENTESARIBEFHSNTRERRE" o "

A THSEREHPETBEEERNEE, BFE—SRERRRELRR, BIH4E RS
AT BEEERENES:—, “t— %" #, dEELERNESE (GDP)
BERE TR 19.1%, JELAAEEF FHRIEST 8.3%, S5kAN, £E/$ERE (COD) Hix
BT 12.5%, “ETHME TS 14.5%, L5, PEPREF “+-H" HYHHESY 2
BERE, BRABPHE, FEAGHMS" HEiR, 5 T BB LNTEFRELR,
PR ENIEIR, WuGe. {RERES, MPERHAES, BEEHS5ARIE, M
RMBRR YA IERFNES RIS HER R T RR RN, ESEATPKED,
BEE B ANE T VAR ER, s8R HFSN AR AR ERAEANFEEE, +/\KBUE,
hELHMX ., EEXMITHE T RIS EEBERBELBREERE, HhAME. KN, K
B, AWIFAE. HAREEETRTLAMNANE T HEAR’,

ERIEH T RKEES W ERATEBFRFFG, JHEXHAEFS §E R RBUKIRM T
BES%, 2019 F, hPEERABRREZERELHE T (FUEHIERIESER 2019 F4) ¢,
HohBATIZ SR FARIRE. KA. IS FaERIth A, REREARF RS EIE, SHHE%E
MR ST 4E =R R, ©

2020 £ 5 A, PEEREERNEK (XFRIELB EEEEAKEISNESERL) ,

O (HEEEFHEHEY |, http://www.nea.gov.cn/2011-08/22/c_131065968.htm

@ http://www.gov.cn/xinwen/2021-03/13/content_5592681.htm

® http://www.gov.cn/zhengce/2020-12/21/content_5571916.htm

@ https://zfxxgk.ndrc.gov.cn/web/iteminfo.jsp?id=18453, 2020 4F4 2%, 2022 1437,
® http://www.gov.cn/xinwen/2019-11/06/content 5449193.htm
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ENBRTBEERBEAAFNBSRPSEHKE, REB, BREZBHXEEFDEHEM, REE
SRS T BAREJUEMRENS; 2021 &, EBREBERET (XFHRARETE SN
ESERL) ", BHEEE SRR, LeSHNEREAR, LUBAIEREDBRNSLEY
FOEEM,; 32025 F, PEASIIFEEREEEBYVRE W LENELEROET,

2022 £, ARARMEL (hithR BESRXTERERLTD RN L REE MG
RUERR PRI TR RN, ) F0 (2030 FRTGIAETH AR ) HXREKR, BRERRBARKE T (X
TREEFREMBEIAENEHNEELR) ®, REEREER RN LR T
NG . TESISEEEBERNFIENERAR. BIRENHKANS0NEREF&T B
FH, HREEREFEEHARGREMNZITNG . TELAEEE SR AT AH .
BELERFERRENRZEREAR. BUIXEERZERREORREFER. &k
RER R BB E MBS B BUR RENLE U REH R R RREEEREE, TEERA
BREZASKERERLABRESHEXMIIRKELMHYN (SEREAEGEHITaTH (2016-
2030 ) ) PIRE), HANERDEE S~ RACH, ESHRTBERRLE. EE. KE= KRR,

FREBE WM, PEBNGIET ZIMERNK, =E 7THREEBRHETE
MARBRENKR, 2014 F£6 B, ExRAH (R LRKEITENITY (2014-2020 £ ) ) , BAFHIRME,
£ 2020 F, ZBENAEIAE 5800 F TR, HEFEIAE 3000 5 FEMULE;, HhEEMK
BEHIAR 35 (LT RAS; REEVIAR 22T, RESHE EWEMBYE,; KRENIX
F1{LTREAR, XREBSHNBERMIBE,; HAER HMAEIXET 5000 5t ER, (B
HER “T=FEMY" ) WAAEHNED . RBREH. BNAR. SEETED . TaERH.
REBBRES A NFTERE 7T EANLRERR, 10, KEELREBEIIX1ZFRRINLE.
YR EBEN 1500 FTRAES. #ZBENIA 5800 F TR, BREEMEE, SR EE. ZEE.
KEAgE. £EVRES, BFOHE T —RIIDEARMESENL, MEE~VEIIEZE4ER
Pl ERECREAME T A EES.

FRH#EEFEMRERERSERR, +EBFREEREN SRR SEPREINR
BETEREE, BRATEN "— %K RSN XRAANERERTEREE, I
EERFEMRERHBRPEAEEFER, KEPE—(TR. PE—FE. PE—FR. dE—
hRBR . WAKSELA( APEC )T 4R D O E ST E, BEXHUHARR. B h &H,

@ http://zfxxgk.nea.gov.cn/2021-07/15/c_1310079331.htm
@ http://zfxxgk.nea.gov.cn/2022-01/30/c_1310464313.htm
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SREFSMREREXRAANT GIEES, FRENER. BUR. AN, fRENEAT R
Mo A SEHErERE. Bl BAEEREBEEIALNSIEKE, RRS5HSISERESE.
—_tE&H. APEC. £€RER. L EHASZMERTHERZERKEEEE. BEST
AEREZBHERNERRCREL R, EXHIIERETVBR, TEMRIFEE, &
SRS SANEINE SRR~ Wi, TEMIMNRRA S BB SRR~ L OFARR
BB, FAREDNR=IRY, HNEDESRIGERRACFERSGEYE, XFEED
W LGB S RBEREARBK S A T, (REIEELRE. RBELTHAUERKESIAEH 5T
SEN A,

hEBF-REVNAXBSHREENERARE, HEEH, RREIZILREEBEF
EBEENS, £ “HEy. HB HE" B FIHNEEERTE FEE, STERLEEAN,

3.1.2 Pl AR R gt R B B )

Tk, PERMARMAME. REARKOTER, EEE—ENIEMM, PEED
R B SE B K IR RN, MEET—REEFANEARE, SHERNMENBH—THE T
EFREE~ VAR, AREEBHET . NATRERANEAXE, PEERSVHTE, F
REE TR, SRCERBRZEBN~ VL, ARTRES VEABOEM L EYRET B
Ho BRITPECHEMEENZE~ W, BSERT SRR BIEETAR N E TVEAR,
FE T —HARE TVWAZBREHES =D AR RS MER— 2 B bR &HE AP B
ERENr, SEEGUE, £E 25 M ETHR BEX RiTAMERERIAR 85tV £ T 190 £,
BEHIBAEE. MREBRFER. NEEBETERAFE =T ZNEHT, SEHRENA
BSEBPRMHE, mUHEATE, K=B. B=A. FDE=AXES 4~ W RNE,
T . TN, BESHT EE REESWRHEHA, 2FVEARARRT, SH%KRE,
BRITEEEAMETRATENREGIS. 5. I0ENANSEE~ W,

2020 £k, DELHMNEAES 56 MK, = KizERBA%ELH 56 BIZITH, SRR
50 515G i, BESEMAMTR (&) MEHT", £ 56 BERAT, BAFEHTIU
TMESEEENFR. B0, ENAFTOOE2IHIVE,; MAKENATURE., 7.
STRIBERENE LR, EaNLERNEH. EESTRPERRKEE,;, PEXITESD
HAFIRRERNE, B8, BRESHANTUARA, HHEZITENTE, BESITEY

JT

ORFEFETHRR, FEITRE BEEHEHMRT 5K AL,
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NAZENRER, RITEONBERNATHER. BN, £/, Ty, 8. YWn%t
STl VENEARXEERHBNEZRM, EHIER~VEHARNAIRTLE
EREM. VENEF—REERANSEEMNGZEZH, MH—RSVZENLFHIR
B, B, IRNZLARAAEEREN, TEFRRTERT—REERARSREES. FhH.
i SEBEURERTHRERE LR,

2015 FF 4 Brh#hR, ESREA (PHPRESRATNRERESTHRRNE
W), RS EE. BRHN R S5 HIE 9 BENR M (S BBIRHIE SR TR ) BHHIRL,
BYRETRAR, B KEER, 2016 23 8, "t=F" HURNEHHIEL, BxRE
TRIAR, RRZEER. REHRS, RUKEARES, TERECES. REREEN. £
BRI KEOMENEE. KENRTE KMEEOWK., mE/t~n. BFESEETE
HEFNHEE, FETHTHIEEELARER, THNSEERMERMS T, SLZREE
R RESTE TR R REH, 2016 £8 B, ARBRITHFLHMELRHBHN (X THERE
TRARNIESEI) 5, FESHRITUENHR. PiE. BEER. FEXR. REER
FUHNIBERHE. NEEE. REEESMEHNERRS. Hit 2016 FhEmM AT E
ZRETHMITE, ALk, FESHRIBUERAVRKNIFIBR. RETHK. FLERES.
FliRES. FEEEE, BXTHRETMMNERTRIT. BSASTEFRLAENY, —L
M ELRHBE SHFERN TRET B HITHAERITIAE, RETHEPOEARZRS /)
b, BIEEEFNBZIRF =W E TR OV RERE, RS/ Y 5RE 0l #
TEFES, SISFVHNTHEECHEEELHEIRERRNMBREHIER T,

3.1.3 R Th ok e I oKk

2018 FF, PEE 17T PERKRLRT (RXTFHE "—H—B" RN EXRVTKREKS
FE), AMBEENERNESEGEHER BN EFREESETREAREE T ISR S,
MINZEATMRE “—H—B" BRAEXEARENZYSEER, ARREEETI, £
B SERNEAZRNILRFEE, 2019 F, MAEKELAET "—H—K" BRAHESER
WAEETH, BN, ZRHEXFREXEAE "R "—H—B" ERSESERZERES
BAARY ERARELSTIRERT B R, IBREARTEENRENER BRI,

OEWMAREAMN “—HF—8B" @EKHFXZR,

@ https://bremc.obor.nea.gov.cn/
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2022 F2 B, PENNENE 24 BRZRER, IRLRASKRTRERRENEEEHE
FRENA, RUHEE. 88, il BENHRAR. KFELERNMAYNEREFERNLRE
WEERFEIRE . AR BEA R NBERT T, ERERI A LERHIE 100%
EAEGHEHRE, EREAAMECBERBBBETERSHAERE, "B BALRE
KIE. BB KRRLRHE. FEGIKEAITE "&RIK" | RRERRENEEES
B, fETMRFLRIFNZDNETRE, ERLEINFERRMERNE H, ¥ET P
BBAANRREE SRR~ Y. RIRETHAFAESTENES OHNSE, NERIALY, F
BEREFNERARTK, REFEFANREE. HFMEEPN—KUETHEER, RARTIER
NN, hWEMTFHEFERES LR, ARRRGREERRTRER,

3.1.4 RETE™ R A AN -1

b EREW. XEDHIAEREHEAELE, FELH. RASENREEREER, &
REBES, RUAMEHERK, HATE, UB4EEEMERH, BERIPEEREWNIE™
BEREFELAREARS., (DESKITEL) $IEER, 2020 F£, HFRE—RERERDSES
ik 68%, AMIGEH 7%, RAS G 6%, SHRFEHKEML, ZERERTPENTERY
WEHRBIER AR, HESHMESEELBRTIBLTRIME,

REREFRMR=EAWILN, EENTFFIEERNTRENMERARD, 2019 F, £
EEHFAIR ARSI IMRIZE 2 3BT 70% F0 45%, =EK#EH O 8 hS 0 b EREEES
EHER, 2020 £, FHEELF W, PEBSTERATH, B, PEMSELNEW
HEN 5.7%, ERFHER 12% ~ 15% B97KFE, ERRMENFE LNG Elib AL R/
mRESH. tHFFELREFNAEX. REREFIZE R AN ),

PEECKEREE EHRAE, MBELFFELRRE, PEHEBRSKEERFTEK,
2010 F£E 2020 FF, FEEEREHEEK 54.6%, 2017 FEEFEHEHN 3132 LB 4EE, &
SIREEEE BB EMN 23.2%, "

245 A1k, PEEREFRICK EEREIIL AEK, FE—RMEREERRFESFIEZK,
RIBREAH RS BP (2022 FHFREERFITFEL ) , 2021 F2FHERERBEERLZEN
157.65 X &, BHFER, KGN 26.5%, HARXEMN 9297 ¥ &, HENRBEH
B 3543 LAEM M I L ENFIE=FENNER, BPEIMBEFERS 82.38 Xk, PEHEH

@ BP, H#E g ES I 2019 4, 2020 4,
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SHERRE 7.2% ORRIEK, RASERILEK 12.8%, MEHAAEEEK 10%, EHENES
FrgE, sERKEERS, "

SORMHERLAR?, RIBPEERFITRAGHEIR, 2019 FhEERE~SEHD, RE
5 68.8%, EHA 6.9%, KAS A 5.9%, KB, B, REBHE 184%°, 2019 £ E
Bt OBl 50572 Flf, L 9.5%, # 0 KKK 9656 H0 (291333 25K ) , ELE
K 6.9%.

tEHERETREAARAREXSEEY, EEFHEIEEEHE—T BN, EREBRTEST

b, ErEeEsEEP AL, B, AIRGTARASENR, S2EE~EMNT70% ML, B,
B KBRBEPAERBHX,; KB, RREMEREPEILFTHX, MNEKKE, Rt
XEEEREBA, MEFRAANDTEHX, GIFHES% GDP A4, N QENTIERE
EER, EXLMXERFEESZ, FEBRIILERE. AERE. ARFRRSEXEERR
BB HE AR B R, FER “WR” MEREHLERST, SRTIBZHES, Xi&
FEREMEL. MITBERANHX, FRESENEREZEI "ME” WR, 5—FH@E, SHER
Z BFEBENARE, AR TMEEXINIRERER, WAL AER. B, BHFH
8RS & R RIS B3R 3 67T,

3.1.5 SRR RS

EARE - REREFEIUERE, PERPEREWEMMPE, ENFERDER-,
KEPURE R R EENRERER TR, B, RASEERZERSLEIRD, EXEFERE
MidiEd, EroaadEndEs, HITHBARRNSSFEXE-,

AR Y EE, ALUERSRERRE, PEXTELSHERSTHEES
MEZ SRR ZAER, MYMITREERHNTERESS. KERRSMRESEM, L,
BERMSTERALGI MU RBEERFTE, AREERRKETEHE,

PERERZEEZRKR, NREXHTHREES. UhEXREHE~HE], 95% B94£~
ITERERBEN Bo L, TrteilE, BE. AT, BRSEEMHHERAETRE, R
ZRPEXFBREN, —EBREL, MERVBEHMNERLD, ZHTERERERZEL, ¥
ERHeEE~ LA R,

© BP, 2019 4, 2022 FH# F IR A
@iEAEAS K, FEEIE, 2021 F7 A, Y. Jing Zhu,
@ http://www.cinic.org.cn/sj/sdxz/shengchanny/817661.html
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BB NN R. BRI SEMARKEAES, WEaE. KRR EBEIIER
RUBAFFRER, TEURAREERAUNERXLE,

3.1.6 [EFRELINRTEAS A BERT

PEHEAFET (PEAREMETBEREE) 1 (JBEERBLB FMENFEHRS
RERETHE) , BEERRDATE, FEITEXNERE, PENERREINEIERSE
BB ARV, BIEMFITTERIEN, AR IR IR LA A SRR,

BTN ZESHIEFGERKEE . FTRERARE SR . B A, IR ARIFRER,
BAREMERABRYE, EXERFNGMEE, XEMNBABRFTE 7T ERESHHEE
BREAFIFEAH TE, REMARAESE 7THENG —NHERAEBIR, SHEIKES
—HIFRERET S, PENIREFEREESEFBANER, SESMXMERNERE, 2
STEENZEREEEIRINGEEZSE N,

RS VRT S REF KR FE, HHENAXMSTHEE, R G20 ExED
RETHRERBESBIVERLENE IR, PENRRES AV . RFHERNBFEE, FIEF
LR ERBERAT KM LN, BaiEREAERAME, T ZARERSME, NS
R ASEIREN, 53— M XRBOAR TR EBRUTENERITIL. BEANEEBER,
MEERNAES, SERAENARRABI AR BES, FAHSHT 7 IFEERESNE,
BT, REZEERTVRAXBRE, Rl 7T UHEERNNBINAHENEEE, R
EPEENTUARIEORE TREAM, EAEEGRUEELHEAT AEARZAEK, O
MEEHMEER= VR ERER, B HEERDEE R,

3.1. 7 F ks 5553

2011 &, PENEAEZ T RELS MNER I ZEBEVIRSIENRKE AR, RrEH—
TARUELHRZHE. BSBRF L. Bh. sORES. EF Az, EVREIEMER,
H—THREBRSIENOE. 2012 F2 B, WAHSBHETMTY, EXEhTEESET,
BN, £ESHERERESEVHNET, PENERERSIERRESE, PEC YN ERNE
RRZETETFEERAE, XERTEANERENSSZOHHELKR, URETHBEBEAHN
HENFEFEENRALNE X,
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TEAEEREEES, *E=22z N EENMXEFEESNEE 502 FTEE / EAKMULE,
P EAEL RSV BRRBA AN, BEAKES, HFELI8R, BHRT—KR#thT
FEERE WAL, AFERNEREE T RENANRE, BRARNEERSEHAKEL
FORE, EERER~ WP FRE, XREBRERAR KRB HMBEFED, ZREEFREA
KERS, BALHIARE,

RERSRHR, EEAEZABEFTRFNRE, ERELT KB FHARE, B REEK,
AFEELBEBENE R, s, ERFEFEARRRY, HXENEE=E, LREBEA—F
EERER, NHEEWN, ZFH . Z—H0, BELFREKLREBHIRELRE, EZ
WHRA. FIMRONE, ATS TR, BAEREREREBEET &4, BTE~HES.
A, YREFNSHS, PEAYBRIEAMEIETESRL TR, PEMVTAER
FRTE RSN L2 A ARS -

A
KNk s BbBHDEAEELE, RBYT TBEEREEFRMERABR,

MR AR TRE AR . TF R BPE DM RERKE I — = KB TP E,
BRAETREMRNESKBuES, AEFKEUEREERKN—R, BESKENEESEH
MFEFENHARAENEILEYR, *EHGKBIEEXREWV 189 TR, TEPERABEED,

th EIEAER KIS SRS 2000 5 TR, HAMEET 1000 (2 ToofKEFsE B b,
KERE B mAMANKAEERE A, BERE. @M. #18. fisE. 2. BREE.

RGE. BFTR, EERPERS . THRRBENFERLBREST, REWEEHH
7J<\/O
Hide

ZEBEAME. RE—F, AETIRPAFERBNEESAHN, ZENRAFNE
EERTHMBESHEREL B, AEEMNNEBRFPHRSEARNZNE, REEGE BN
=, HENREMENRE, ST, RBILFIUREBFAFHINRIEFZE, RAHE
MERERBIELS, o, MBEARBESBHORIERGTER, FANNES, BEAKR,
TR —E . REUDFHELFRERTSEY . BTRBRELRESRRNTR, %
BRSNS HN . SEROBESRREREAENEEEEL —
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HEReRTVARNES S, AHKBTVERRSHNITBAENER2  HAREL250%
SEL2, IR ERETZREAEGER, BFERREL LERZANBRERNSFZ BT FE
BREBIE A, 2021 £, IREN B A48 B4 EH 30 ENAKRAKI, DZERAKS P& £
*—5" o 5%E (AP1000 ) F)AE (EPR2) —#, PEBWERTE=RZBEFER, BF
ZET U AERM, 2020 FRMEESREXNAENDEZRBTE (RSED B AR )
SIHPEZB. PE ZHNERBREE, Ep, PEXBENAETHHTULT 42.3%,
h XN B ETHNFILET 42.5% ( FBEEEMY ) , FRABRLATESFETENZBIZ
B

X700

hEEYREREARRBES, KBBHEKR, BEEREHEMPRSEFIREK, L
MARMEFERER, Bol, PEEVRERNAIRTEFEYMRELS. EMRERE. £
VIR ELARL. £EYRS[BENEYHERAE, PEEYRERTESEBRERESENILED
Bike MENBEE, 8E 2021 £IK, REAYRABRITENETEXT 798 FTH, &
KERENEEN 1.6%, 2021 FREEVRLBLELD, HREAE 61.2%, REKEY
BRBAE 35.5%, BEAE 3.3%,

EYREERE P ER T TSR N AN, REMARTRAER, S TFRWEDRE
ARG, BRERASHIZERALN 60% U, £FELEEHEHRIENER, sz,
APEH, EPEBNESHENESREIRZMEN, =V EMEHRETELRTLE, BAES
BRI E YRR VAR LTS, BRT R CESEMRIKRET AT AN —RIIXER
ARAF= AR, RKRFPETMASEREEDRBRERRTENEE, WaEE_RNE=R
MR T EBSRE, SEELRUEEEM, BFHR,

3.2 Bl

ABHATERBAONBERGREEELROEANEL S, ERET REEENTIERS
ERBENTHEM, DABRSHENE, REREREENTFRALENA, BBEZHFA
PRECEESEFRE, AVRFBEEEMEM, EASEEENIELBRAETEREX A ERTRE
RER, SEFEEHERE~LNATER, PHEBNSHARIREREHNE >
FOFF R AR
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APEECEAEF -—ELNLY, XTELEFRAEANRIFHERN LN, RARE 0T
1. 2 ER RS SN R ML,

2. L et L ER T SR AR, MEALSEHEMNIL,

3. RRER S THIE, BEEFNYFFRMR,

EyS

1. KN —TER SR 2 ERKUENFTEHFENEMEE, Fit, BWSHENBEREXR
B (flan: BXRREBMBRAEKNKEKESINN.RBYE ) , REFDEFIENFTK, &
BRI ER 0,

2. EEMREHNTU R RHEBBZNTRE, IRWREFIVRSWHHAED, NHR]
AN RS YO RA AR A TR DI TR BN~

3. M HANRKBEEERNBLRAES, AEZHSRANEFR. ARBENEHREEE
ELRNRE XY, EEAFENRENIER, S —MEABSEL,

4. IMREBIIFBUS A ROZ B E R R GEH NN TE, AR T TIREAHL
BEF0E = g

5. NZMSEB B ERENHRLBINNEE. G/NHBMEOHE. TEEHNBENE
ERFNRERSTHHNESS,

3.2.2 ARE

HeH

FERKE, EAREHEEFEUTEFEZHLE.

1. EFEFNINEFSEFRMIEL Y, EBURROBRAREATHENERTE (X
SRR CEEFIK)

2. 5B, TATFAAXEENEHZESTRALBHONRIINES~ES R KBS, UGS
BRI BERSRMEERARNERE N,
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3. X BE BFABNAMEBAEREH OB ENESE, EARFGESSHNENT (87
SR ) A HIENE,

4. WHTIREMAR ( ERSERARTFLIOFHNS )

5. ERRASMHNAREUEFTTFEELR, HTFRARETENEREK, A& TIANG
[YERERAVRESHEHY

6. I AT B4R R BHALATUTPRIT, it 2030 FEAKINFAEMRKL7A 1.50

£/ Fr&o

TR

1. RZREBEEHNEENHNEMRE, BEAAENEXEMRENERTRAS
FEEPELEHX,

2. KERBEREXNARTEE, BEH—THEPLLAENMAE EZE KEFEHE
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RIINI 5. i

ML RIRL A, o] U EM A WA REFaIER, IR, e REI NG END
I

SIS HBREERREEERAESMIER, 2MAmNS, PEEESRTESHNETHR,
BERERENZZREAXINES, B, EHSFTEEARATEERIRN, AT5ISHEH
ERMEGEBERE, SEARREMTZB I, %, PENEARTUESZERBENE
X, FREEENSEHEIERE, AHNREERIENENTINET—MINER, FEHH
FHRBREEE~SNRENEFE L. AN, EAPEERN, XF3IAEEHFROthRER,
BEAREYY, HRSTHESAERF-RXNESHA, Fit, TMESRETENES
REARR, MR~DETRARIRE, BICERSFRAREEE~DHOMATIIMHE, haTF A
HRXBHRETE, hhEEHSREESHEERE, BHEIZUNERES LR, it
FEEREESHIER REARRIT0EE, RIESEHESE,

SRR ESF., ENEERAEA, BRMAZERE, HIREEBENESBIERA
FERAMF AL, X MIRRTUNFED A ERINE, BV NNERANHKES, WAKRAH
FRESE. EHBEK, BRBVSENFREADS, BEMARAZZEEMNMN, FE
BRHX R, PEFMERGESTFAREEREERNEN, FILSERRO TR AENHE
FRERBEXRNEZRIN N, SEEIATUSHA, G, EBNHARNETINE PEOKRE
ERAEEIE, IUREFRNMESENTR, HEEE RS, LRAIHMAEDIN T %, P
ERAENTENEEERR, XEBHTHAMLREEBINEENTH. BETES. Hitf
RAFHEARBA =R EGEL, TUBEERANTHIEZ N EEERESREERON A
BR, hEAVHESEREBE IS AT,
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