Energy
Scenarios

Brazil’'s National
Energy Plan 2055

Ly

AN~ i 2 EBoo oo kAN o




TECHNICAL SHEET

(Positions on January 3, 2025)

GOVERNO FEDERAL

MINISTERIO DE
MINAS E ENERGIA P 8

UNIAO E RECONSTRUGAO

Minister of Mines and Energy
Alexandre Silveira de Oliveira

Executive Secretary
Arthur Cerqueira Valerio

Secretary of Electric Energy
Gentil Nogueira de Sa Junior

Secretary of Geology, Mining and Mineral Processing
Vitor Eduardo de Almeida Saback

Secretary of Oil, Gas and Biofuels
Pietro Adamo Sampaio Mendes

Secretary of Energy Transition and Planning
Thiago Vasconcellos Barral Ferreira

www.mme.gov.br

Rio de Janeiro, 2025

(epe)

Chief Executive Officer
Thiago Guilherme Ferreira Prado

Director of Energy Economics and Environmental Studies
Thiago Ivanoski Teixeira

Director of Electricity Studies
Reinaldo da Cruz Garcia

Director of Oil, Gas and Biofuel Studies
Heloisa Borges Bastos Esteves

Director of Corporate Management
Carlos Eduardo Cabral Carvalho

www.epe.gov.br



EPE

Adriana Queiroz Ramos

Allex Yujhi Gomes Yukizaki
Aline Moreira Gomes

Ana Claudia Sant’Anna Pinto
Ana Cristina Braga Maia

Ana Dantas Mendez de Mattos
Angela Oliveira da Costa
Arnaldo dos Santos Junior
Arthur Cortez Pires de Campos
Arthur Mendonga Quinhones Siqueira
Bernardo Folly de Aguiar

Bianca Nunes de Oliveira

Bruno Rodamilans Lowe Stukart
Bruno Scola Lopes da Cunha
Caio Monteiro Leocadio

Camila de Araujo Ferraz

Carla Achéo

Carolina Maria H. de G. A. Feij6 Braga
Caroline Chantre Ramos
Cristiane Moutinho Coelho
Daniel Kuhner Coelho

Daniel Silva Moro

Dourival de Souza Carvalho Junior
Elisangela Medeiros de Almeida
Fernanda Marques Pereira Andreza
Filipe de Padua Fernandes Silva
Filipe Soares da Cruz

Flavia Camargo de Araujo

Flavio Raposo de Almeida

Gabriel Konzen

Giovanna Carneiro Ronze Pedreira
Giovani Vitéria Machado

Glauce Maria Lieggio Botelho
Glaucio Vinicius Ramalho Faria
Glaysson de Mello Muller
Gustavo Cerqueira Ataide
Gustavo Daou Palladini

Gustavo Naciff de Andrade
Gustavo Pires da Ponte

Heloisa Borges Bastos Esteves
Henrique Plaudio G. Rangel
Hermani de Moraes Vieira

Juliana Rangel do Nascimento
Laura Cristina Daltro Cardoso
Leticia Gongalves Lorentz

Lidiane de Almeida Modesto
Lucas Simdes de Oliveira

Luciano B. Oliveira

Marcelo Costa Almeida

Marcelo Ferreira Alfradique
Marcos Ribeiro Conde

Marcos Vinicius G. da Silva Farinha
Mariana Império M. T. da Silva
Mariana R. de Carvalhaes Pinheiro
Mariana Weiss de Abreu

Marina Martins Klostermann
Matheus Richter Poggio de Carvalho
Nathalia Oliveira de Castro

Otto Hebeda

Pamella Elleng Rosa Sangy
Patricia Costa Gonzalez de Nunes
Patricia Feitosa Bonfim Stelling
Paula Cunha Coutinho

Rachel Martins Henriques

Rafael Barros Araujo

Rafael Rigamonti

Reinaldo da Cruz Garcia

Renata de Azevedo Moreira da Silva
Renata Nogueira F. de Carvalho
Renato Haddad Simbes Machado
Roney Nakano Vitorino

Simone Saviolo Rocha

Thais Pacheco Teixeira

Thiago Guilherme Ferreira Prado
Thiago lvanoski Teixeira

Veronica S. M. Gomes

Vinicius Mesquita Rosenthal



MME

Aline Teixeira Eleutério Martins
André Grobério Lopes Perim
Antbnio Fernando C. Pella
Christiany Salgado Faria

Clara Monteiro Marinho
Claudir Afonso Costa

Deivson Matos Timbo

Diogo Santos Baleeiro

Esdras Godinho Ramos
Fernando Massaharu Matsumoto
Flavia Souza Ramos dos Guaranys
Guilherme Silva de Godoi
Guilherme Zanetti Rosa
Gustavo Santos Masili

Isabela Sales Vieira

Karina Araujo Sousa

Lais Forti Thomaz

Leandro Pereira de Andrade
Liliane Ferreira da Silva

Lorena Mendes de Souza
Marco Antdnio Juliatto

Maria Ceicilene Aragao Martins
Marlian Le&o de Oliveira

Nelson Simao de Carvalho Junior
Paulo Ricardo Mendes Valenga
Pedro Henriqgue Milhomem Coutinho
Rafael Bastos da Silva

Rita Alves Silva

Rogério Alexandre Reginato

Rogério Guedes da Silva

Samira Sana Fernandes de Sousa Carmo
Sergio Rodrigues Ayrimoraes Soares
William de Oliveira Medeiros

General Coordination

Thiago Guilherme Ferreira Prado (EPE)
Thiago Vasconcellos Barral Ferreira (MME)

Executive Coordination

Gustavo Naciff de Andrade (EPE)
Leandro Pereira de Andrade (MME)
Patricia Costa Gonzalez de Nunes (EPE)

Technical Coordination

Camila de Araujo Ferraz (EPE)

Filipe de Padua Fernandes Silva (EPE)
Lidiane de Almeida Modesto (EPE)

Sergio Rodrigues Ayrimoraes Soares (MME)



TABLE OF CONTENTS

INtrodUGC I ON ..o

B scenario building for PNE 2055

Concept, process overview, and its differentiators .......cocceevveiieeininnnss

@ Scope definition and retrospective analysis

Scope and key diMeENSIONS ..ot
Retrospective and situational analysis .......ccocoeviiiiiiieiiiceeeen

Major trends for the energy SYSteM ..oeuveii i,
Uncertainties for the energy system ....o.ooiiiiiiii i,

Prioritization of uncertainties and development of the
scenario logic

Uncertainty prioritization ... 42
LOSIC OF @NETIEY SCENATIOS ..o 47

Energy scenarios for 2055

CA:TranSItIoN TOF All.n e, 52
C2: TranSition fOr WHOM? ... 54
C3: WaSTEA TraNSITION e e, 56
C4: Transition fOr WHAt? ... e 58
C5: BlOCKEA TraNSIION «.enee e 60
REFEICNGCES ... e, 62
Acknowledgements ... 67

Brazil’s National Energy Plan 2055 | Energy Scenarios 5



INTRODUCTION

Brazil's Energy Research Office (EPE) main responsibilities include
developing medium- and long-term plans for the national energy sector,
such as the Ten-Year Energy Expansion Plan (PDE) and the National Energy
Plan (PNE).

Through an innovative governance structure involving two working groups —one
dedicated to the development of long-term energy scenarios (Scenarios Working
Group) and another focused on coordinating the representation and optimization of
energy chains in the integrated energy model (Models Working Group) — EPE has
been leading the process of drafting the new National Energy Plan 2055 (PNE 2055).
The PNE 2055 will be published in 2025, in compliance with the periodicity defined
by Ordinance MME No. 6, dated January 7, 2020.

This document compiles the main inputs produced between March 2023 and June
2024 by the Scenarios Working Group, as part of the development of PNE 2055. The
participatory process led by EPE, in collaboration with the Brazilian Ministry of Mines
and Energy (MME), represents an innovative approach to the development of long-
term scenario studies. The methodological quality and robustness of the results
achieved during this process reflect not only the creation of a significant internal
capacity but also the potential for contributing to other key ongoing initiatives, such
as the National Energy Transition Plan (PLANTE), led by the MME, and the Brazil
Strategy 2050, spearheaded by the Ministry of Planning and Budget (MPO).

It is worth highlighting that the qualitative and collaborative development of future
scenarios serves as a fundamental starting point for PNE 2055. In the next steps, this
will involve the quantification of these energy scenarios and the formulation of
Brazil's energy strategy.

We wish you an enjoyable read!

PNE 2055 PROCESS

= Inputs collection
= Development of the energy
&&% scenarios logic

Qualitative
analysis

Strategy
development

Quantitative
: analysis

= Representation of energy chains in
the integrated model

= Quantification of energy scenarios

= Optimizations

Brazil’s National Energy Plan 2055 | Energy Scenarios 6
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Scenario building for PNE 2055

Scenarios are not projections, but rather consistent stories about the future and practical

tools to support decision-making under uncertainty

Energy systems, both at the global and national levels, are undergoing transformations that demand constant
monitoring and a broadened long-term perspective. New themes are emerging, bringing with them a series of
uncertainties — such as climate change, energy transition, evolution of technological innovations, and changes in
consumption habits — further increasing the complexity of the external environment. This is the context in which the value
of public policies, businesses, and organizations is defined or lost.

This environment, filled with uncertainties, makes strategy development and long-term planning particularly challenging,
especially for those who believe the future can be predicted. The first step toward adopting a more effective approach is to
understand that, by nature, the future is multiple and uncertain. As Taleb (2018) stated, 'Only the ordinary can be
predicted, not the extraordinary.' This shiftin mindset is essential for embracing a prospective approach, which serves
as a powerful tool for strategic positioning.

However, this change in mindset is not simple, as it ultimately implies a cultural shift in long-term analysis practices. While
we cannot control the external environment or predict the future with precision, we can learn to deal with uncertainty by
adopting a proactive stance and improving our ability to anticipate. This, in turn, supports the decision-making process.

For this to occur, beyond a change in mindset, it is necessary to adopt planning and management approaches that allow
us to explore future possibilities and effectively deal with uncertainty. In this context, foresight and scenario-building
methods stand out as valuable tools, aiding in the understanding of this complex environment and facilitating long-
term planning. These methods not only help create a shared vision of the future among the various stakeholders involved
but also contribute to achieving the desired future, adopting a systemic and non-linear approach.

Some of the questions that scenario-building helps us answer:

= What uncertainties are critical to the future (or to possible futures)?
= How feasible is a given objective?

= How flexible is our strategy?

= What are the potential regrets?
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Scenario building for PNE 2055

What were the steps taken in developing the scenarios for PNE 2055?

METHODOLOGY AND SCOPE DEFINITION: FUTURE DRIVERS PRIORITIZATION OF SCENARIO LOGIC
WORK PLAN KEY QUESTIONS AND UNCERTAINTIES
DIMENSIONS
= Definition of the methodology, = Through inputs such as existing Preliminary mapping of future = Addressing uncertainties and = Generation and description of the
stages, and deliverables in the long-term studies’ and interviews, drivers. defining critical uncertainties general logic of the scenarios.
timetine. the scope of the.ene.rgy scenarios List of trends, uncertainties, through the us.e.of methods, = Promotion of dialogues to define
. ) was defined, which includes: L o tools and participatory
= Prioralignment and and their implications for the dvnamics the scope generated by exploratory
engagement with stakeholders v’ the main question to be object of the scenarios. y ’ scenarios and the modeling front:
regarding the work plan. answered; Rounds of consultations and what ql,l)estlons can the modeling
v the definition of the object of discussions with experts answer:
the scenario development (inside and outside EPE). = Assessment of the limits and

(what, forwhom, and why?);

possibilities of integration between
and;

both fronts.
v key dimensions and

retrospective and situational

analysis.

COMMUNICATION, ENGAGEMENT AND INTEGRATION

' The long-term studies consulted were: BP (2023), CEBDS and PSR (2023), CEBRI, BID, EPE and CENERGIA (2023), DELOITTE (2020), EIA (2023), EPE (2007), EPE (2020), EPRI e GTI Energy (2023), [EA (2022), IRENA (2022), IRENA (2023a), IRENA (2023b),
NREL (2022), Shell (2023) and Statkraft (2022).

Brazil’s National Energy Plan 2055 | Energy Scenarios 9
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Scenario building for PNE 2055

... and the main differentiators of this process?

Joint construction of the
energy scenario logic

Participation of Participatory and Use of facilitation
representatives from the dynamic meetings techniques such as
MME and the three core Liberating Structures
departments of EPE

= |nstitutional governance, with the creation of a working group (Scenario Working Group) composed of members from EPE and MME, dedicated to the development of long-term energy
scenarios.

= Continuous process of communication, participation, and engagement throughout all phases of scenario development: EPE Executive Board, MME, EPE Advisory Council
(Concepe), PNE 2055 Executive Committee, and the PNE 2055 modeling working group (Models Working Group).

= Combination of scenario-building methodologies2 with the application of facilitation techniques, such as Liberating Structures. This methodology helps foster greater
participation, innovation, and effectiveness in meetings.

= Consultations with EPE and MME staff through digital tools, such as forms and interactive platforms, in addition to interviews with EPE and MME leadership.

= Decentralized planning and execution of internal workshops focused on critical uncertainties in the energy sector, along with discussions on relevant supply chains for the energy
transition, engaging both internal and external experts.

2Since 2018, three training cycles on scenario-building methodologies have been implemented for EPE employees.

Brazil’s National Energy Plan 2055 | Energy Scenarios 10
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Scope definition and retrospective analysis

Initial alignhments: general scope and key dimensions

2
\
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SUMMARY FRAMEWORK OF SCENARIO ANALYSIS

Object and place
Energy system in Brazil

Time horizon
2055

Goal
Develop pathways for a decarbonized energy system as a
driver of sustainable development

Key question

Target audience
MME and society

KEY DIMENSIONS OF ENERGY SCENARIOS

@

Energy Geopolitics Innovation Sustainable
Development

Resilience and Energy Public Policies,

Security Governance, and
Financing for the
Energy Transition
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Before thinking about the future, itis necessary to
look at the past and the present and reflect on our
main challenges ...



Scope definition and retrospective analysis

History shows that energy transitions are not a simple flip of a switch...

Throughout history, energy transitions have been gradual and complex processes
rather than abrupt changes or 'flips of a switch’.

The processes of replacing one dominant primary energy source with another have taken
place over decades, reflecting not only the development of new technologies but also
economic, social and political factors.

The transition from the predominant use of traditional biomass to coal in the 19th century,
and later from coal to oil in the 20th century, did not necessarily result in an absolute
reduction of the replaced energy sources.

Figure 1: Global Primary Energy Consumption by Source (thousand TWh)
Other renewables

Wind
160 Hydro
Nuclear
140
120 Natural gas
100
80
60
40
Coal
20
0
1800 1850 1900 1950 2023

Source: Adapted from Energy Institute (2024) and Smil (2017).
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Scope definition and retrospective analysis

... but the climate emergency and its impacts demand the acceleration of the current
energy transition process

The climate emergency highlights the urgency of accelerating the current global
transition process toward more sustainable, low-carbon energy sources.

The rise in average global temperatures, the intensification of extreme weather events and
the pressure on ecosystems impose a new dynamic, reinforcing the need to rapidly
reduce greenhouse gas emissions. This requires a coordinated effort from governments,
businesses and civil society. The challenge lies in balancing this urgent need with the
economic and social realities of each region.

Figure 2: Global surface temperature variation relative to 1850-1900 (°C)
> Projections for different scenarios
S5P1-1.9

S5P1-2.6 (shade representing very likely range)

S55P3-7.0 (shade representing very likely range)
SSP5-8.5

The social aspect of the energy transition in emerging countries is particularly challenging, given that millions of
people still rely on traditional energy sources to meet their basic needs. This is because a significant portion of the global
population does not have their basic needs met, reflecting a situation of energy poverty and strong unmet demand.

Therefore, the global transition to low-carbon economies must consider social inclusion and the fight against energy

o poverty, ensuring access to more modern, sustainable and affordable energy sources.

1950 2000 2050 2100

Source: Adapted from IPCC (2022).

Brazil’s National Energy Plan 2055 | Energy Scenarios 15
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Scope definition and retrospective analysis

... bringing new contours to energy geopolitics

The acceleration of the energy transition is also reshaping energy geopolitics,
shifting the axis of power from oil and natural gas-producing countries to new players
that hold resource availability and technological dominance in low-carbon energy value
chains. China, for example, plays a central role in this context, with its dominance in the
supply chains of solar and wind energy, batteries and electrolysers, and strategic
minerals.

Figure 3: Net manufacturing capacity additions for selected clean energy technologies by country/region
(2020 -2023)

Solar PV (modules), GW Wind (nacelles), GW Electrolysers, GW
600 36 15
400 24 10
200 12 5
0 0 0
2020 2021 2022 2023 2020 2021 2022 2023 2020 2021 2022 2023
Heat pumps, GW Batteries (cells), GWh Eletric vehicles, million units
20 1000 8
15 750 6
10 500 4
5 250 2
0 0 0
2020 2021 2022 2023 2020 2021 2022 2023 2020 2021 2022 2023

B China B EuropeanUnion O India M Japan E USA M Restof the World

Source: Adapted from IEA (2024a).
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Scope definition and retrospective analysis

... all of this within a context of changes in the global political and economic landscape

In this context, major economies are adopting transformational policies to
accelerate the energy transition process. The United States launched the Inflation
Reduction Act (IRA), which encourages investments in clean technologies. In Europe,
RePowerEU reinforces energy independence and the advancement of renewables,
while China is driving its transition with ambitious decarbonization targets in its Five-
Year Plans.

These efforts reflect the global competition for leadership in low-carbon technologies,
while simultaneously addressing the challenges of economic and political transition in a
context of a growing climate emergency.

Figure 4: Economies with the highest investments in energy transition in 2023 (US$ billion)

Canada
USA

Germany

676

United Kingdom

France

Brazil

Spain

Japan

India

Italy

European Union

Rest of the World

Source: Adapted from BloombergNEF (2024).
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And how is Brazil positioned in this context?



Scope definition and retrospective analysis

We have numerous comparative advantages in terms of the availability of energy and

mineral resources, as well as the profile of our energy mix...

Brazil is widely recognized as one of the world's major
energy powers, with abundant availability of energy
and mineral resources. Additionally, the country has
significant natural resources, including water
resources, forests and the planet's greatest
biodiversity.

The country holds the largest water resources in the
world and is the second-largest producer of
hydroelectric power (Energy Institute, 2024), with
resources that support a predominantly renewable energy
mix. Moreover, Brazil has the seventh-largest installed
wind energy capacity (Energy Institute, 2024), with
significant onshore and offshore potential that remains
untapped and of high quality. Solar energy, the fastest-
growing source in the country, is driven by excellent
irradiation across its territory, offering high technical
potential for photovoltaic generation.

In the bioenergy sector, Brazilis the second-largest
global producer of liquid biofuels, being the largest
producer of sugarcane ethanol and the third-largest
producer of biodiesel (Energy Institute, 2024). The country
also has the potential to expand its production of biogas
and biomethane, as well as advanced biofuels.

In the oil & gas sector, Brazil is currently ranked eighth
among the world's largest oil producers (Energy
Institute, 2024), with prospects of becoming one of the top
five producers and exporters in the coming years (EPE,
2024b).The development of the pre-salt layer has been a
key factor for this progress, solidifying the country as a
major player in the global oil market.

Brazilis also recognized as a leading producer and
exporter in the global mineral commodities market,
especially in metallic minerals, thriving in the production
of iron ore, copper, gold, aluminum, and niobium.
Additionally, the country holds the eighth-largest uranium
reserve (SGB, 2024), the second-largest reserve of rare
earth elements, and the third-largest nickel reserve (USGS,
2024).

The country's significant renewable energy potential
has ensured an energy mix with a high level of
renewability, with approximately 50% of its energy
derived from low-carbon sources, compared to a global
average of around 15%, as shown in Figure 5. Among G20
countries, Brazil boasts the most renewable energy mix
(IEA, 2024b), consolidating its leadership role in this
regard.

Figure 5: Renewability of the energy mix: Brazil, the World, and
OECD countries

Brazil
(2023)

Brazil
(2022)

World

0
(2021) 14.7%

OECD
(2022)

LT

B Renewables O Non-renewables

Source: EPE (2024a).
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Scope definition and retrospective analysis

... Which contribute to the system's security. Even so, it is necessary to enhance its

resilience to climate threats

In recent decades, Brazil has made progress toward
energy self-sufficiency, gradually reducing external
dependency, as shown in Figure 6. This progress has been
coupled with increasing diversification of the energy mix
(Figure 7), with the accelerated integration of renewable
sources such as wind, solar and bioenergy, alongside a
more robust National Interconnected System (SIN) that
connects different regions of the country, enabling more
efficient management of energy resources.

This energy diversity and system interconnection
enhance flexibility and responsiveness to potential
crises or fluctuations in energy supply. These factors
provide Brazil with a solid foundation to face future
challenges, especially in a context of global energy
transition. Nonetheless, the intensification of extreme
events in recent years demands additional actions to
further strengthen the resilience of the energy system
against climate threats.

Additionally, Brazil faces growing energy demand, driven
by demographic growth, urbanization, and the need to
improve access to essential services for the entire
population.

As more Brazilians seek better quality of life and access to
goods and services, energy needs are expanding in sectors
such as transportation, buildings, and industry. This
growing demand reinforces the importance of Brazil’s
comparative advantages, such as its abundance of
renewable resources, to meet these needs sustainably
and inclusively.

However, addressing this demand sustainably requires
significant investments and policies that encourage
not only the expansion of energy infrastructure but also
efficiency and accessibility. These efforts must aim to
integrate the most vulnerable segments of society and
reduce energy poverty. These factors are essential for
Brazil to maintain system security, promote inclusion, and
ensure a socially just energy transition.

Figure 6: Brazil's external energy dependency (%)

40%
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10%
0%
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-20%
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1996
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Figure 7: Brazilian energy mixin 2023
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How can the energy system serve as a driver for
sustainable development and how can a just
transition be achieved in Brazil?



Scope definition and retrospective analysis

And when we consider sustainable development, what is Brazil's true starting point?

To evaluate how Brazil is progressing in terms of sustainable development, it is

essential to monitor the advancements related to the Sustainable Development Goals

(SDG). Figure 9 illustrates that the country is achieving most of the targets related to
SDG 7 - Affordable and Clean Energy — with notable growth in renewable energy and
improved access to electricity.

However, many SDGs still face challenges to be fully achieved by 2030. In this

context, the energy system can serve as a catalyst for sustainable development,

driving progress across other SDGs.

Figure 8: Sustainable Development Goals

3 GOOD HEALTH QUALITY

AND WELL-BEING EDUCATION

DECENT WORK AND A 1

ECONOMIC GROWTH INEQUALITIES

CLIMATE

Figure 9: Tracking progress on SDG 7 in Brazil

7.1-By 2030, ensure universal, reliable,
modern and affordable access to energy
services.

7.2 -By 2030, substantially increase the share
of renewable energy in the global energy mix.

7.3-By 2030, double the global rate of
improvementin energy efficiency within the
Brazilian economy.

7.a-By 2030, enhance international
cooperation to facilitate access to research and
clean energy technologies, including renewable
energies, energy efficiency, and advanced and
cleaner fossil fuel technologies. Promote
investmentin energy infrastructure and clean
energy technologies.

7.b-By 2030, expand infrastructure and
modernize technology to provide modern and
sustainable energy services to all developing
countries, particularly the least developed
countries, smallisland developing states and
landlocked developing countries, in accordance

7.1.1 - Percentage of the population
with access to electricity.

7.1.2-Percentage of the population
with primary access to clean fuels and
technologies.

7.2.1-Share of renewable energy in
total final energy consumption.

7.3.1 - Energy intensity measured in
terms of primary energy and GDP.

7.a.1-International financial flows to
developing countries in support of
clean energy research and
development, as well as the production
of renewable energy, including hybrid
systems.

7.b.1-Investmentsin energy efficiency,
as a percentage of GDP, and the
amount of foreign direct investmentin
financial transfers for infrastructure
and technologies for sustainable
development services.

QA A

X
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ACTION 1 AND STRONG 1 FOR THE GOALS (&) P prortprog
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Source: ONU (2024). Source: IPEA (2024).
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Scope definition and retrospective analysis

And when we consider sustainable development, what is Brazil's true starting point?

In this context, when analyzing Brazil's starting point for sustainable development, the environmental, economic, and social dimensions reveal challenges and

opportunities.

Environmental dimension

Brazilian greenhouse gas (GHG) emissions differ from the global
average, as the energy sector accounts for a smaller share of total
emissions. In Brazil, most emissions are related to land use,
land-use change, and forestry (including deforestation), as well
as agriculture, as shown in Figure 10.

The increase in illegal deforestation has driven the growth of
national emissions, compromising GHG reduction targets and
highlighting the need for effective policies for environmental
protection.

Economic dimension

From an economic perspective, the country has faced a recent
period of low economic growth, coupled with almost stagnant
total factor productivity (TFP) for several decades, as illustrated
in Figure 11, with a loss of technological contentin its export and
production portfolios.

This scenario, to some extent, could limit the capacity to investin
modern and sustainable energy infrastructure.

Figure 10: Brazilian greenhouse gas emissions by sector (millions of tons of CO, equivalent)

3500 B \Waste

3000 — O Land use, land-use change and forestry (LULUCF)
W Agriculture and livestock

2500 )
W Industrial processes and product use

2000

W Energy
1500

1000

500

0

1990 1895 2000 2005 2010 2015 2020

Source: Own elaboration based on MCTI (2024).

Figure 11: Evolution of GDP and total factor productivity in recent years (1995 = 100)
200

50

0
1895 1597 11989 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

Source: Own elaboration based on IBGE (2024) and FGV (2024).
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Scope definition and retrospective analysis

And when we consider sustainable development, what is Brazil's true starting point?

Social dimension

In the social dimension, Brazil exhibits high levels of poverty and income inequality, which are also reflected in the energy sector. Despite the recent decline, about 3.5% of the population

lives below the extreme poverty line, according to the World Bank.

The country faces significant challenges in reducing inequality in energy access and improving energy efficiency, especially among low-income populations. The substantial use of
firewood in residential energy consumption, particularly among lower-income families, highlights the issue of energy poverty, indicating that many households still lack adequate access to
modern energy sources (Figure 12). These factors underscore the need for robust public policies to drive sustainable development while ensuring social inclusion and equity.

Figure 12: Total energy consumption by sources and income classes in Brazil in 2019 (thousand toe)
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Note: All classes from D1 to D10 contain the same number of people (10% of the population, or 20.9 million people). D1 represents the lowest income class, while D10 corresponds to the highestincome class.
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Difficult questions to answer, but the responses necessarily involve innovation. ...

Innovation plays a crucial role in the development of emerging technologies and low-carbon solutions. According to the IEA (2023), a significant portion of these
technologies are stillin the early stages of maturity and development, making the acceleration of investments in innovation urgent.

However, in the Brazilian case, public and publicly-
oriented investments in energy sector research,
development, and demonstration (RD&D) present a
challenging scenario. According to the Inova-e platform
(EPE, 2024c), public investments in energy RD&D totaled
R$ 2.0 billion in 2014 but decreased successively to R$
683 millionin 2022, a trend that began to reverse in 2023.
Meanwhile, publicly-oriented investments have shown
greater resilience over the years, reaching R$ 4.6 billion in
2023 (Figure 13).

A significant portion of these funds originates from legal
obligations and is regulated by the National Electric Energy
Agency (ANEEL) and the National Agency of Petroleum,
Natural Gas, and Biofuels (ANP) through their research
and development (R&D) programs. Under the ANP
program, there has been a diversification of the oil and gas
sector's investment portfolio in recent years, focusing on
technologies aligned with the energy transition, such as
renewables, hydrogen, fuel cells, energy efficiency and
other cross-cutting technologies (Figure 14).

Note: The Brazilian real (R$ or BRL) is the official currency of Brazil.

Figure 13: Public and publicly-oriented investments in energy
RD&D mapped by Inova-e (R$ billion)
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Figure 14: Share of investments in RD&D for non-fossil technologies
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's National Energy Plan 2055 | Energy Scenarios 25



|
Scope definition and retrospective analysis

... in addition to instruments for financing the just energy transition...

The International Energy Agency (IEA, 2023) estimates the need to triple investments in clean energy by 2030 to achieve net carbon neutrality by 2050. Approximately 55%
of these investments are expected to occur in emerging and developing countries, such as Brazil, requiring the mobilization of financial and regulatory instruments.

Another essential pillar for a just and inclusive energy transition is financing. In this regard, Brazil has been adopting various financial and regulatory instruments to fund the energy
transition and promote sustainable development.

Climate funds and green bonds have been key tools, while carbon pricing and the Brazilian Sustainable Taxonomy (BST) will help align investments with climate goals. The Brazilian
Development Bank (BNDES) has recently resumed its investments in renewable energies, while the volume of incentivized infrastructure debentures in the energy sector has been
increasing, reflecting a more favorable environment for financing initiatives aimed at transitioning to a low-carbon economy.

Figure 15: BNDES disbursements for renewable energies (R$ billion)
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... and integrated public policies

In terms of public policies, Brazil has developed solid
institutions in the energy sector, especially since the
1990s with institutional restructuring. The creation of
entities such as National Electric Energy Agency (ANEEL),
National Agency of Petroleum, Natural Gas and Biofuels
(ANP), the National Council for Energy Policy (CNPE), the
National Electric System Operator (ONS), the Electric
Energy Trading Chamber (CCEE) and the Energy Research
Office (EPE) marked a period of significant transformations,
during which the country improved the governance and
regulation of the energy sector.

Based on this solid institutional framework, various public
policies have been successfully implemented in the
Brazilian energy sector over recent decades. These have
been decisive instruments in fostering energy security,
expanding infrastructure and diversifying the energy mix.
Examples include the Program for Incentives for Alternative
Sources of Electric Energy (Proinfa), the National Electricity
Conservation Program (Procel), the “Luz para Todos”
Program and the National Biofuels Policy (RenovaBio).

In the climate area, Brazil has been engaged in global
initiatives since the United Nations Conference on
Environment and Developmentin 1992 (Rio 92), through
the Paris Agreement, and the creation of national policies
such as the National Climate Change Policy, as well as
funds like the “Fundo Clima” and “Fundo Amazénia”.

Examples of public policies in the Brazilian energy sector
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... around the priority and cross-cutting agenda that is Brazil's transition to a low-carbon
economy

Brazil's agenda for the transition to a low-carbon economy integrates several priority and cross-cutting initiatives aimed at promoting sustainable development across
various fronts. The National Energy Transition Policy (PNTE) and the Ecological Transformation Plan exemplify this approach, providing guidelines to reduce carbon
intensity in strategic sectors and promote productive and technological development in key supply chains for the energy transition.

In parallel, Brazil recently revised its Nationally Determined Contribution (NDC), committing to a more ambitious goal for reducing greenhouse gas (GHG) emissions. The “Energias da
Amazdnia” Program is another essential action, aiming to integrate the Amazon Region into the national energy system sustainably through renewable energy, reducing reliance on fossil
fuels. The “Combustivel do Futuro” Law also represents a milestone for the national energy sector, introducing a series of initiatives to promote sustainable low-carbon mobility. These
actions, when integrated, form a solid foundation for Brazil to consolidate its position as a leader in the global energy transition, preserving its natural resources, enhancing energy
security and promoting social inclusion — key elements for ensuring that this transformation is both fair and inclusive.
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Note: Some news and announcements (most in Portuguese) about Brazilian public policies related to the energy transition.
Sources: Agéncia Gov (2024), BNDES (2023), BNDES (2024), Brasil (2023a), Brasil (2023b), Brasil (2024a), Brasil (2024b), Brasil (2024c), MDIC (2024), Ministério da Fazenda (2023), Ministério da Fazenda (2024) and Valor Econémico (2023).
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The future is multiple, uncertain and changes constantly.
Exploring it through the construction of prospective scenarios
requires an important step: mapping factors that have a
significant influence on the future evolution of the object being
analyzed, known as future drivers.

Some of these factors are forces that exist today and will remain
in the future, with a predictable and sufficiently consolidated
direction, known as trends. Despite their magnitude and
capacity for influence, trends are not constitutive elements of
scenario logic but serve as a common backdrop for possible
futures.

Uncertainties, on the other hand, are phenomena with low
predictability and a high impact on the object of analysis. For
this reason, hypotheses about their future states are important
guiding elements for constructing the logic of scenarios and
creating different possibilities for the future.

Climate change, transformations in the geopolitics of energy,
and the growing need for a just and inclusive energy transition
are examples of changes that not only require immediate
responses from the country but also have clear effects on
Brazil's energy transition. Much of these changes is
characterized by a high level of uncertainty, but there are
phenomena whose future developments can be glimpsed with a
certain degree of predictability.

What is certain or almost
certain: Trends

Phenomena whose direction is quite visible
and sufficiently consolidated (movement
with a predictable direction)

9 What changes: Uncertainties

O Phenomena with low predictability and high

r'\o impact in relation to the future of the object
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The globalrace toward low-carbon economies is
transforming energy geopolitics. The value chains for
fossil fuels and low-carbon solutions exhibit distinct

geographic concentrations, leading to a shift in the axis of

power in energy geopolitics, as illustrated in Figure 17.
One example is the increasing demand for strategic

minerals, whose supply chain is concentrated in countries

that currently have low relevance in oil and gas
production.

Itis important to highlight that the diversity of conditions
and priorities among countries and regions —
technological, energy and mineral resources, energy
security and socioeconomic development — creates a
scenario of both competition and opportunities for
international cooperation, which are becoming
increasingly evident in the global energy transition
process.

Technological competition and the race for critical
minerals, essential for the expansion of renewable
energies, along with the impacts of the war in Ukraine,
demonstrate how geopolitics and the pursuit of more
resilient energy systems have gained prominence. At the
same time, economic and geopolitical interests continue
to shape the climate agenda and the evolution of energy
systems worldwide, as evidenced by policies such as the
Inflation Reduction Act (IRA) and REPowerEU.

Figure 17: Supply chains for oil and gas and for relevant technologies to the energy transition
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Source: Adapted from IEA (2022).

Implications for the Brazilian energy system

The positioning of developed countries, China and other Asian countries in technological development and various key supply
chains of the energy transition (such as transmission equipment, photovoltaic panels, batteries, etc.) creates challenges related
to the productive and technological dependency of Brazil's energy system and national competitiveness.

Concerns about energy security and opportunities for the development of supply chains (both new and existing) for the energy
transition in the country.
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Figure 18: Number of extreme weather events worldwide (1980-2019)
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Figure 19: Net zero emissions target announcements
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Source: Adapted from Climate Action Tracker (2023).

Implications for the Brazilian energy system

The energy system is strongly influenced by climate
issues due to its relevance in GHG emissions and its
vulnerability to climate changes.

Periods of water scarcity, extreme heat waves and storms
are examples of events that require measures to increase
the resilience and security of the energy system.

In this context, global warming scenarios put pressure on
mitigation measures for GHG emissions, such as the
promotion of renewable sources and carbon pricing. In
November 2023, around 145 countries had announced or
were considering net zero emission targets, covering
approximately 90% of global emissions (Climate Action
Tracker, 2023).

= (Climate changes can impact the availability of natural and energy resources, energy demand, the efficiency and integrity of

energy infrastructures.

= Thus, the need for resilience and security becomes essential in the planning of the national energy system, making it necessary
to develop other business models/mechanisms to ensure supply security.
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In the context of the energy transition and responses to the
challenges of climate change, innovation is — and will continue to
be — a fundamental driver for enabling and enhancing
transformations in energy systems. However, a large part of the
technologies required to reduce GHG emissions to net zero are stillin
the early stages of the innovation chain: 35% in 2023. In 2021, this
percentage was nearly 50%, demonstrating significant technological
progress on a global scale (IEA, 2023).

In Brazil, public and publicly-oriented investments in research,
development, and demonstration (RD&D) in energy from 2013 to
2023 exceeded R$ 4.0 billion per year, with 74% of this amount being
publicly-oriented investments, regulated by ANEEL and ANP.
Meanwhile, public RD&D investments showed a significant decline in
recentyears, a trend that began to reverse in 2023 (Figure 21).

Implications for the Brazilian energy system

Figure 20: Comparison of cumulative CO, emission reductions
in the energy sector relative to the baseline year, by technology
maturity
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Source: Adapted from IEA (2023).

Figure 21: Evolution of public investments in energy RD&D in
Brazil (R$ billions)
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Source: Own elaboration based on EPE (2024c).

= |tis necessary to accelerate and scale up investments in innovation, not only in energy efficiency and renewable energy but also in new technologies associated with hard-to-abate sectors (such as
steelmaking, cement, freight transport, aviation, chemicals, etc.), as well as enabling technologies, such as those linked to digital transformation.

= Strengthening the innovative capacity of the national energy system and aligning it with the challenges of Brazil's energy transition will require strong interministerial coordination, as well as the
integration of financial instruments. According to the IEA (2024a), energy innovation outcomes are more easily achieved when aligned with national visions of economic and social development.
Innovation should be considered beyond the technological perspective — adopting a systemic approach that includes business models, financing arrangements and local conditions and challenges,
leveraging Brazil's unique characteristics with the potential to generate employment and income.
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The climate emergency imposes pressure to reduce
emissions across different economic sectors, including
the energy sector. In Brazil’s case, despite the greater
contribution of land-use sectors to emissions, the energy
sector can serve as a key driver for the decarbonization
of the transportation and industrial sectors — which had
renewability rates of 22.5% and 64.7%, respectively, in
2023, according to EPE (2024a).

The transformation toward low-carbon economies goes
beyond the replacement of energy sources, involving
movements such as decentralization and digitalization —
the three Ds of the energy transition.

Figure 22: Global investments in fossil fuels and clean energy: 2015-
2024 (US$ 2023 trillions)
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Implications for the Brazilian energy system

The expansion of variable renewable energy sources poses challenges for planning and operation,
requiring investments in resources that enhance flexibility and controllability to effectively manage
generation and load variations.

In addition to a robust transmission system, the development/implementation of technologies such
as energy storage, Flexible Alternating Current Transmission Systems (FACTs), variable reactive power
compensation, demand response mechanisms, meteorological technologies, among others, can
also contribute to the required increase in operational flexibility.

Itis important to consider the local socio-environmental impacts of variable renewables sources.

Although the electrification of the energy sector is considered a trend, the intensity and speed of this
process remain uncertain, particularly in segments such as transportation and industry.
Issues related to the cost of electricity may impact the electrification process.

Itis a driver for integrating new renewable generation projects, promoting the efficient and sustainable
utilization of Brazil's energy potential and transmission system.

Distributed Energy Resources (DERs) present challenges but can also bring benefits associated with
their integration into the system, such as loss reduction, increased reliability, etc.

There is a need for methodological improvements, modeling, and information-sharing policies that
can ensure the proper identification of expansion requirements, enabling effective and efficient
energy planning and a secure future operation.

Across the entire energy sector, digitalization can help reduce costs, improve efficiency and
resilience, and drive consumer behavior changes toward low-carbon options.

Key challenges include building capacity to harness the potential of digitalization (infrastructure,
technological services, and workforce), not just in specific niches but more broadly across the
population, as well as concerns regarding cybersecurity.
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Emerging economies face growing energy demands Figure 23: Final energy consumption in Brazil (million toe) Figure 24: Energy consumption per capita in selected countries - 2023
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Cities account for a significant share of energy
consumption, housing more than 50% of the population,
generating 80% of GDP, consuming two-thirds of energy,
and producing over 70% of carbon emissions. By 2050, it
is projected that over 70% of the global population will live = Challenge of ensuring reliable, sustainable, modern and affordable access to energy for all (SDG 7).
in cities, leading to massive growth in demand for urban
energy infrastructure (IEA, 2021).

Implications for the Brazilian energy system

= Expand and modernize infrastructure and technology to supply energy services.

= The pace and intensity of demand growth may be impacted by still-uncertain factors related to consumer behavior, energy
efficiency, electrification in end-use sectors and income evolution in Brazil.
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There is increasing pressure for the transition to a low-carbon economy to be
aligned with the Sustainable Development Goals (SDGs) and the agenda for
mitigating energy poverty, especially in developing countries, to ensure that all
households have access to clean, modern and affordable energy sources.

In Brazil, firewood and charcoal
account for 25% of all energy
consumed in households, directly
impacting health and quality of life,
particularly for women and children,
who spend most of their time on
domestic tasks and family care.

Implications for the Brazilian energy system

Figure 25: Annual evolution of the Electric Gini Index in the residential sector and residential electricity

consumption in Brazil
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= Potential for job and income generation based on Brazil's energy potential, social inclusion, combating energy poverty, reducing socioeconomic and regional inequalities, improving quality of life,

economic growth, reindustrialization on more sustainable grounds, among other opportunities.

= The energy transition can be a driver for sustainable development in the country.
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The energy transition is a cross-
cutting issue throughout the Brazilian
economy and, as such, has been the
subject of actions in various
ministries, such as MME, MDIC,
Fazenda, MRE, MMA, MCTI, among
others.

In this context, the coordination and
integration of these policies are
crucial to the energy transition
process.

In this regard, the National Energy
Transition Policy (PNTE), established
by CNPE Resolution No. 5/2024, aims
to integrate public policies to promote
ajust and inclusive energy transition.

Implications for the Brazilian energy system

Energy
Policy

Climate
Policy

Technological
Development
Policy

Economic
Policy

Industrial
Policy

Health
Policy

Social
Policy

Environmental
Policy

Other
policies

= The level of policy coordination and integration is crucial for the success of the energy transition.

Plano Plurianual (PPA)

Novo PAC

Plano Clima

Nova Industria Brasil

Plano de Transformacgéo Ecoldgica

FNDCT

Others

= Policies need to address the environmental impacts that may arise from the large-scale expansion of certain renewable energy sources.

= Manage and reconcile the interests of various sectors, often conflicting, to advance the energy transition process.

= Understand what our main objectives are, in the context of a developing country with numerous demands to be met.
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Uncertainties are fundamental for defining the logic of scenarios and are generally formulated as questions. So, what approach did PNE 2055 adopt for the process of

mapping and prioritizing uncertainties?

1 Mapping
uncertainties

Broad process of mapping uncertainties:

* Dynamics with EPE's Advisory Council (Concepe).
* Interviews with EPE leadership.

* Workshops with external experts.

* Forms and questionnaires with EPE and MME collaborators.

e QOther scenario studies.

2 Treatment of
uncertainties

Refinement and processing of the
input list based on the discussions
from workshops and interviews.

3 Prioritization of
uncertainties

M atald

=4

T

. Step-by-step process for prioritizing uncertainties,

' applying the following techniques:

|+ Impact-Uncertainty Matrix.

i« Motricity-Dependence Matrix or Structural Analysis.
* Morphological Matrix.
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Christiano Vieira (ONS)
Jerson Kelman (UFRJ)

Joisa Dutra (FGV)

Paulo Pedrosa (Abrace)
Sinval Gama (Eletronuclear)
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Uncertainties

01 What will be the impacts of climate change on the Brazilian energy system? Will the Brazilian energy system be flexible and resilient enough to handle extreme weather events?
02 How will Brazil concile socio-economic development policies with the climate agenda?

03 Willthere be sociopolitical consensus to ensure governance and policy coherence in support of the energy transition?

04 Willthere be the capacity for coordination and integration among different public policies, financing and governance mechanisms to support the energy transition?
05 How will Brazil's development model evolve? Will the country advance in global value chains and position itself as a sustainable industrial leader?

06 What will be the impacts of innovation and technological advancements on sustainable development?

07 How will the relevant supply chains to Brazil's energy transition evolve? How will the production and technological dependency of these chains develop?

08 How will digital transformation impact the national energy sector?

09 How will financing for energy transition expand in Brazil?

10 How will regulation for the development of low-carbon technologies and the cost of these technologies evolve?

11 What will be the strategy to address the planning and operation of a more decentralized power system with a high share of variable renewable sources?

12  Willit be possible to develop flexible and resilient infrastructure and power grids for the future electric system?

13 What will be the pace and intensity of Distributed Energy Resources (DER) integration, and what impacts will it have on the Brazilian energy system?

14 What will be the speed and intensity of decarbonization in transportation and industry?

15 How will energy demand grow in Brazil? How will demographic and behavioral changes affect it?

16 Willthere be universal, reliable, modern, and affordable access to energy?

17 How will energy poverty and inequality in energy consumption evolve in Brazil?

18 Will net zero be effectively achieved in Brazil?

19 How will be the exploration of new oil and gas frontiers in Brazil?

20 How can Brazil's energy transition become a driver for sustainable development in the country?
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Prioritization of uncertainties and development of the scenario logic

1. Impact-Uncertainty Matrix

Whatisit?

= Atool of prospective analysis that ranks key factors

) . } Starting point: A list of 43 uncertainties GT Cenarios PNE 2055 :
of the object to be analyzed in scenarios, based on (questions) translated into 63 variables. Priorizago das incertezas
two fundamental criteria: the degree of impact on o _
the system-object, which in this case is the national Inesevariablesiwerelanalyzed basedion the

energy system up to 2055 and the level of criteria of impact and uncertainty through a form.

uncertainty.

= The higher the impact and uncertainty level of a v
given factor, the greater the need to consideritin
scenario generation.

Pagina 172

Compilation of 29 forms answered by members
(o) of the Scenario Working Group, from both EPE
and MME.

. Impact-Uncertainty Matrix
Plotting of factors on the Impact- P Y

: : 5 5.0 b
(o) e : Uncertainty Matrix. S 45 o e
o9 E 4,0 ..--.:‘.'. ‘.'. ..o
e se
° Ranking and selection of a reduced list 3,5 " .
of uncertainties, which will be further 3,0
) o 2,5
analyzed in the subsequent prioritization 20
stages. 20 25 30 35 40 45 50

Uncertainty
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Prioritization of uncertainties and development of the scenario logic

2. Motricity-Dependence Matrix or Structural Analysis

Whatis it?

Itis a collective reflection tool that describes the
"structure" of the relationships between the
variables that characterize the studied system.

Its objective is to highlight the main variables
according to their degrees of motricity (influence)
and dependence in relation to the system.

Based on the Micmac Method developed by Michel

Step 4
Inputting results into the Micmac
software

The Motricity-Dependence Matrix
separates the variables into 4 groups:
the most driving, the linking, the resulting
and the autonomous or independent
ones.

Step 1
Mapping of Variables
(derived from the Impact-Uncertainty Matrix)

Step 2 Influence on...
Explanation of the Influence of...

direct relationships

existing between the Variables

variables using the (rows of the matrix)

Structural Analysis.

— )
o e R
G =g
: ) =
== =
o =]
)
Dependence

Variables (Columns of the matrix)

What is the level of influence of variable 'i' on
variable 'j'?

Dependence

Step 3
Discussion and alignment dynamics

Romopw
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Prioritization of uncertainties and development of the scenario logic

3. Morphological Matrix

Whatisit?

= |t highlights qualitatively distinct combinations.

Atechnique that systematically configures possible scenarios for a given system, through the combination of different
hypotheses about uncertainties, represented by variables related to this system.

O >

(o

Group dynamics for constructing
hypotheses (alternative future states) fora
set of uncertainties defined in the previous

stages.

Construction of the
complete Morphological
Matrix based on combinations
of different hypotheses.

Digitization of the
Morphological Matrix.

frexeiosoe oo sisers evemico pana uoan = sl
[ g

frewovives vamavers

feonsumo FaL oE Enencis

[oractos o ssters nencerico

fexeio 1nas o 08GO
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Prioritization of uncertainties and development of the scenario logic

3. Morphological Matrix

VARIABLES
(GOVERNANCE FOR A SUSTAINABLE DEVELOPMENT Limited and weak Progresses but is limited to Comprehensive and stron
MODEL ALIGNED WITH THE CLIMATE AGENDA 1 certain sectors o g

ICOORDINATION AND INTEGRATION OF PUBLIC
POLICIES, FINANCING AND GOVERNANCE FOR THE
ENERGY TRANSITION

Uncoorc.ilnated and Progresses.butls limited to M ordinatelland integrated
poorly integrated certain sectors
Weak, with high
SOCIOPOLITICAL CONSENSUS AND GOVERNABILITY influencedfrom lobbies Moderate, with progressin Strong, with clear'societal understanding
FOR THE ENERGY TRANSITION and lack ef,societal some sectors of the benefits of the energy transition
interest
Sufficient and
adequate with
Insufficient and inadequate. Limited diversification currentstandard

Sufficient and
adequate with lower

FINANCING FOR THE ENERGY TRANSITION IN BRAZIL . . capital cost.
of funding sources capital cost. . N .
. . . Diversified funding
Diversified funding
1 sources.
sources.
REGULATION FOR THE DEVELOPMENT OF LOW- Regulationdimits the Regulation lags behind the Resulation fosters the'market
CARBON TECHNOLOGIES market market g
. There are advances;j but Diversification of the economy with
Maintenance of the . - ..
BRAZILIAN DEVELOPMENT MODEL . the primary exportmodel greatervalue addition'and leadershipin
primaryexport model . N o
is still maintained energy transition and SDGs
POSITIVE EXTERNALITIES OF INNOVATION IN Weak and barely Medium, with a focus on Strong/broad with appreciation from
SUSTAINABLE DEVELOPMENT perceptible to society emissions society
Increase or . . .
EVOLUTION OF THE COSTS OF LOW-CARBON . Cost reduction according to Costreduction faster than current
maintenance of . |
TECHNOLOGIES clllts? current expectations expectations
JUST AND INCLUSIVE ENERGY TRANSITION AS A Just anggncluSive o
energy transition does" Progresses insufficiently Fully occurs

DRIVER OF SUSTAINABLE DEVELOPMENT IN BRAZIL
not happen
Sectoral advances with

Low productive and ) . . L s .
P productive developmentin Success of neo-industrialization policies.

gissie il {35 o llasdal [e Heteller Hler oI Aol7 technglogical some relevant chains for the Broad development of productive and
BRAZIL IN GLOBAL VALUE CHAINS RELEVANTTO THE capacityiin relevant eneray transiticaad technological CF; acit i:relevant chains
ENERGY TRANSITION chains fofthe energy gy g hactigin re'e
. maintenance of for the energy transition
transition |
technological dependence
DIGITAL TRANSFORMATION IN THE ENERGY SYSTEM Slow Accelerated
DEVELOPMENT OF RESILIENT AND FLEXIBLE Maintenance of current Improvement restricted to Imbrovemenl accordinl to state-of-the-art
INFRASTRUCTURE AND POWER GRIDS FOR THE resilience and flexibility some relevant practices bepst ractices and rogactive T
FUTURE ELECTRIC SYSTEM practices and key areas P P
RESILIENCE AND FLEXIBILITY OF THE ENERGY Maintenance of current resilience and flexibility ~ Significant improvement of practices and
SYSTEM TO HANDLE EXTREME WEATHER EVENTS practices proactive investment
EXPLOITING SYNERGIES RELATED TO ELECTRO- Maintenance of the current status focusingon  Betteruseof synergies related to regional
ENERGY INTEGRATION meeting specific demands integration

UNIVERSAL, RELIABLE, MODERN AND AFFORDABLE

ENERGY ACCESS Does not happen Partially happens Happens quickly
ENERGY POVERTY AND INEQUALITY IN ENERGY 1 e
CONSUMPTION IN BRAZIL Does not reduce Reduces slightly Reduces significantly

Faster Faster
SPEED AND INTENSITY OF DECARBONIZATION IN Maintenance of Decarbonization according decarbonization decarbonizationthan
TRANSPORTATION current levels to current policies than current current policies with

policies systemic gains®

Rapid .

SPEED AND INTENSITY OF INDUSTRIAL Slow decarbonization decarbonization in Broad and rapid
DECARBONIZATION decarbonization*

specific niches

FLEXIBILITY OF THE POWER SYSTEM TO HANDLE . . .
Predominance of new innovative

HIGH PENETRATION OF VARIABLE RENEWABLE Predominance of conventional technologies® technologies in Brazil®
ENERGY SOURCES g
Lowdemand Demand rationalization . N

IMPACTS OF BEHAVIORAL CHANGES ON FINAL rationalization and 2nd responsidBness Broad demand rationalization and
ENERGY CONSUMPTION . P | responsiveness

responsiveness advance partially
PACE AND INTENSITY OF THE INTEGRATION OF stacna@biF the Maintenance of the current Greater decentralization with
DISTRIBUTED ENERGY RESOURCES (DER) AND THEIR g pace (accelerated) focusing

current model development of other DERs

IMPACTS ON THE ENERGY SYSTEM on distributed generation

Accelerated in the short and
In'acceleration medium termiand deceleration In deceleration
in the longterm

EXPLORATION OF NEW OIL AND GAS FRONTIERS IN
BRAZIL

Brazil advances but does
not achieve net zero by Net zero is achieved by 2050
2050

Far fromrachieving net

ACHIEVING NET ZERO IN BRAZIL zero by 2050

Notes:

" Diversified sources of financing (private, public, international, carbon market, etc).

2 Due to resource scarcity, negative externalities, geopolitics.

s Changes in modes of transport; public transportation; demand reduction.

4 With hydrogen, electrification, biomass, energy efficiency, CCUS (Carbon Capture, Utilization, and Storage), etc.
5 For example, hydropower plants, gas-fired thermal plants, transmission.

8 For example, digitalization, Al, reversible batteries, transmission.



Prioritization of uncertainties and development of the scenario logic

Results of the Structural Analysis

MOTRICITY

Sociopolitical consensus for the Energy

Transition (ET)

Coordination and integration of public
policies for the Energy Transition

Governance for a sustainable
development model aligned with the
climate agenda

@ Financing for

the Energy
Transition

@ Regulation of
Use of rural and
urban waste

Consideration of social criteria in the
allocation of risks within the electric system

@ and in market design

G Impacts of Al on the energy system

Global demand of oil
and gas

Share of rail and waterway
modes in freight transport

Social participation
in energy policies

Contribution of the
land-use change,

carbon pricing

Evolution of e

the Circular
Economy
within the
energy system

Brazil’s
forgstry, and progress in Q
agriculture sectors to global value
achieving net zero chains

Regulation for the
development of low-
carbon technologies e Development model

Impacts of climate change
on Brazil’s energy system

Just and inclusive Energy @
Transition as a driver of

development

Cost reduction of low-carbon

technologies

Positive externalities of innovation in development

e Relative cost of electrification

Productive and @ Development e

technological capacity in of resilient

value chains relevant to and flexible

the Energy Transition electrical
infrastructure
and grids

Behavioral changes

Flexibility of the power system to
handle variable renewable energy
sources
Pace and intensity of
decarbonization in the
industry

New frontiers in oil and gas
exploration

Resilience and flexibility of the energy system to handle
extreme weather events

Reduction of poverty and inequality in energy consumption

Universal, reliable, modern, and affordable access to
energy
Pace and intensity of decarbonization in
transportation

Pace and intensity of DER
integration

DEPENDENCE
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Prioritization of uncertainties and development of the scenario logic

Results of the Structural Analysis

Coordination and integration of public
policies for the Energy Transition

Sociopolitical consensus for the Energy
Transition (ET) — AXIS 1
-

-——— -——" \
I_ Governance for a sustainable \
— . .
development model aligned with the \
0 climate agenda \
— Regulation for the
m @ Financing for development of low- \
= the Energy carbon technologies e Development model
o Transition
E Just and inclusive Energy

Transition as a driver of @

evelopment
Impacts of climate change on Brazil’s developie

- energy system e Cost reduction of low-carbon technologies

Positive externalities of innovation in development

e Relative cost of electrification

Resilience and flexibility of the energy system to handle
Productive and @ Development e extreme weather events
@ Regulation of technological capacity in of resilient
Use of rural and b i thetehai L d flexibl ’ f .. :
carbon pricing value chains relevant to andtiexible Reduction of poverty and inequality in energy consumption
urban waste i :
the Energy Transition electrical . .
. Universal, reliable, modern, and affordable access to
infrastructure —
. . . o and grids gy
Consideration of social criteria in the . Q Pace and intensity of decarbonization in
allocation of risks within the electric system B:haworal transportation
@ and in market design changes Flexibility of the power system to
Social L Evolution of Q handle variable renewable energy
ocial participation the Circular sources Pace and intensity of DER

in energy policies

Conomy, Pace and intensity of integration
Impacts of Al on the energy system o y
G ° gy U TR Gire decarbonization in the
energy system industry

Global demand of oil

and gas New frontiers in oil and gas

Contribution of the exploration

land-use change,

forestry, and Brazil’s progress e

Share of rail and waterway :i:?eli}it:ri:;::;s to lnhgl-obal value D E P E N D E N C E
modes in freight transport 8 clalns

The variables represented in the structural matrix reflect the uncertainties considered in the process. . . .
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Prioritization of uncertainties and development of the scenario logic

Results of the Structural Analysis: definition of axes

Based on the results obtained from the Structural
Analysis, as represented on the previous page, variables
with a high level of influence were selected to construct
the scenario axes for the PNE 2055 energy outlook. These
axes are of critical importance as they facilitate the
understanding of the scenario logic by simplifying the
visualization of key differences among the scenarios.

Axis 1 represents Governance for a sustainable
development model aligned with the climate agenda,
which can take two states: “limited and weak” or
“comprehensive and strong.”

Axis 2 represents Enabling factors for the energy
transition, encompassing variables such as the costs and
regulation of low-carbon technologies, the coordination
and integration of policies for the energy transition, among
others. These factors can also take two states:
“insufficient and fragmented” or “effective and
integrated.”

3The variables represented in the Structural Matrix reflect the uncertainties considered in the process.

Figure 26: Energy Scenario Axes for PNE 2055
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Prioritization of uncertainties and development of the scenario logic

The logic of energy scenarios

Governance for a Sustainable Development Model Aligned with the Climate Agenda

Limited and Weak Comprehensive and Strong
= TRANSITION FOR WHOM? TRANSITION FOR ALL
e
% * Energytransition without energy justice * Justand inclusive energy transition as a
g * Resilient and intelligent energy system driver of sustainable development
£ * 3D withoutdemocratization * Resilient and intelligent energy system
g * Focussolely on emissions and achieving * 3D (decarbonization, decentralization, and
he net zero digitalization) + democratization as
_% catalysts for systemic gains
e o
E WASTED TRANSITION * Achieving net zero by 2050
EE]

* Energytransition makes limited progress
* Energy system lacks resilience

* Modest reduction in energy poverty

* Advances notambitious enough to

achieve netzero BLOCKED TRANSITION

* Energytransition blocked by strong cost
TRANSITION FOR WHAT? pressures
* Advances in land-use sectors are
insufficient to achieve net zero
* Modest reduction in energy poverty

* No just and inclusive transition
* Vulnerable and obsolete energy system
* Brazil far from achieving net zero
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Energy scenarios for 2055

C1 - Transition for all

Imagine a future where ...

Brazil's climate ambition aligns with the commitments
under the Paris Agreement and climate neutrality goals
—net zero greenhouse gas emissions by 2050 — to limit
global warming.

Strong and comprehensive governance was reinforced
during and after international events hosted by the country
(G20, COP, BRICS) in the 2020s. The increasing frequency
and severity of extreme climate events also spurred
extensive interministerial mobilization in this direction.

Anchored in a shared vision of the future and the
integration of planning instruments, this mobilization was
also supported by a more aware, critical and
participatory society, stemming from advancements in
Brazilian education. This context significantly contributed
to the alignment between Brazil’s climate agenda and a
clear sustainable development strategy for the
country. As a result, Brazil's energy transition
progressed synergistically with this strategy, fostering
diversification and structural change in the country's
development.

The supply chains relevant to the energy transition —
including renewable energy, hydrogen, bioeconomy,
strategic minerals, carbon capture and storage
technologies, among others — were strengthened in their

productive and technological capacities, reducing
external dependency and internalizing the benefits to
foster the country’s development. Quality jobs, income
generation, wealth distribution and improvements in
the export portfolio, with a greater share of higher
value-added goods and services, are some examples of
these benefits, driven by various programs and
instruments focused on innovation, industrialization and
capacity building.

The pursuit of greater value-added production would not
have been possible without other enabling factors, such
as coordination among various policies for the energy
transition, financing and strong regulation that
promotes low-carbon technologies.

The diversification of financing instruments, such as funds
and international concessional loans, public and private
investments in energy innovation, carbon pricing, and the
effective implementation of a sustainable taxonomy
(aligned with Brazil’s energy potential), coupled with the
coordination of political actions around the energy
transition, contributed to lowering the cost of capital in the
country.
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Energy scenarios for 2055

C1 - Transition for all

This spurred and directed investments toward a low-
carbon economy, respecting and developing the
country’s national energy potential while reducing
socioeconomic inequality. Additionally, there was a
significantincrease in the focus on measuring the costs
and benefits of the energy transition across the three
pillars of sustainability — economic, social, and
environmental—as well as a greater societal awareness
and understanding of these impacts.

In a consensual and coordinated manner, the energy
transition initiated a process of changes across
multiple fronts. Proactive investments in smart
infrastructure and innovative technologies, aimed at
addressing both the growth of variable renewable energy
sources and the increasing frequency of extreme climate
events, enhanced the resilience and flexibility of Brazil’s
energy system. Key developments included the
acceleration of decarbonization processes in both
transportation and industry, the scaling up of
distributed energy resources (beyond solar distributed
generation, encompassing other types of distributed
generation, self-generation of energy, energy efficiency,
and demand response), greater consumer protagonism
and responsiveness, and, fundamentally, the
eradication of energy poverty and the reduction of
inequality in energy consumption in Brazil (a state-level
commitment made by Brazilin the 2020s).

The extensive utilization of Brazil's diverse energy
resources (with an emphasis on low-carbon options),
combined with a circular economy perspective within the
energy system, enabled improved management of rural
and urban waste, generating positive externalities at
regional and local levels.

In a context of reduced global oil demand and significantly
lower costs for low-carbon technologies, the oil and gas
sector underwent a profound transformation,
redirecting its expertise toward a low-carbon economy.
In this scenario, domestic supply peaked in the 2030s,
with a slowdown in the exploration of new frontiers during
this period. With greater rationalization and effectiveness
in its use, oil revenues were more effectively allocated
to fostering low-carbon technologies and enhancing
their impacts on sustainable development for the
benefit of society as a whole.

At the regional level, electro-energy integration was able
to effectively leverage synergies and opportunities,
going beyond specific and emergency situations. The
successful energy integration in South America delivered a
wide range of benefits.

Energy security was significantly strengthened through
the diversification of supply sources and increased
system reliability. System efficiency was enhanced,
enabling energy resources from one country to meet

demand in another in a mutually beneficial relationship.
Moreover, the integration contributed to reducing energy
prices, thanks to economies of scale, market access, and
efficiency gains, making energy more affordable. Finally,
the creation of synergies with strategic projects stimulated
infrastructure development and cross-sector
partnerships, fostering sustainable growth and
comprehensive regional integration. In this way, Brazil
also contributed to strengthening cooperation and
achieving a higher level of market integration in the
region, further highlighting its regional leadership.

Finally, Brazil met its climate commitments with
gradual and increasingly ambitious emission reduction
targets, achieving climate neutrality even before 2050.
As a result, the country presented at COP 2055 the
outcomes of a just and inclusive energy transition,
centered on wealth distribution, which successfully
transformed comparative advantages into tangible
benefits for society while reinforcing its leadership on the
international climate agenda.



Energy scenarios for 2055

C2 - Transition for whom?

Imagine a future where ...

Over the past 30 years, progress has been made in
governance aimed at a development model focused on
reducing emissions. However, these advancements have
been concentrated in specific sectors, without resulting in
a sustainable development trajectory encompassing the
economic, environmental and social pillars. As such,
Brazil is now a low-carbon economy, achieved through
the integration and coordination of policies for the energy
transition and advancements in building a sociopolitical
consensus for such a shift. However, the country still
faces the social challenges of the past.

In this context, the energy transition occurred with
some gains for society but without social justice. This is
evidentin the persistence of energy poverty and the
significant number of households without access to
reliable, modern, and affordable energy.

The intensification of subsidy policies for technologies
that were already mature led to distortions and
negatively impacted the final consumer prices. Thus,
inequality in electricity consumption among different
income classes and regions of the country exemplifies the
persistence of social vulnerabilities within a dual energy
system —on one hand, lagging in its social dimension,
and on the other, cost-efficient in its trajectory toward
climate neutrality.

Brazil’s National Energy Plan 2055 | Energy Scenarios

54



Energy scenarios for 2055

C2 - Transition for whom?

The race for decarbonization in transportation and
industry, along with significantimprovements in
infrastructure, resilience, and flexibility of the national
energy system, was largely driven by a substantial
reduction in the costs of low-carbon technologies.
However, external pressures led to the adoption of certain
technological options that were not necessarily the most
suitable for the Brazilian context, requiring greater
investment in new infrastructures and resulting in some
technological lock-ins, making the transition more
costly for the country. These factors created a more
favorable environment for the development and
diffusion of new technologies, supported by subsidies,
which utilized local energy resources only partially and
compromised the achievement of climate neutrality. For
instance, biomass with carbon capture and storage
(BECCS) as a strategy for achieving negative emissionsin
the energy sector developed only partially.

These advancements, combined with the eradication of
illegal deforestation in Brazil before 2030 and the
reduced costs of carbon capture and storage (CCS)
technologies, gave momentum to the path toward
climate neutrality and provided room for accelerating the
exploration of new oil and gas frontiers until the late
2030s, followed by a deceleration.

At COP 2055, Brazil faced criticism for, despite efficiently
achieving climate neutrality by 2050, failing to drive more
structural changes in its economy —which remained relianton a
primary export model and somewhat dependent on external
technologies —through an energy transition that moved away from
fossil fuels and away from its people.
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Brazil progressed slowly in building a set of public
policies aimed at a sustainable development model
aligned with the climate agenda. These policies
achieved positive sectoral results in supply chains where
the country was already established, particularly those
with clear comparative advantages, such as biofuels.
Advancements in these sectors were supported by a
certain level of sociopolitical consensus and moderate
policy coordination and integration, which resulted in a
modestincrease in the productive capacity of these
supply chains.

However, the outcomes of this governance were not
comprehensive, with limited success in developing
national productive and technological capacity in
innovative chains relevant to the energy transition. Despite
the gradual reduction in the costs of low-carbon
technologies, financing was insufficient and inadequate,
and regulation was reactive. As a result, decarbonization
in hard-to-abate sectors progressed slowly, and the
country failed to meet its commitment to achieve net zero
greenhouse gas emissions by 2050.

Thus, Brazil's economic development remained heavily
reliant on a primary export model. In the energy sector,
this pattern was evident in the development of large
hydrogen production projects aimed at the international
market, with limited progress in value-added segments of
the chain and a high dependency on imported technology.

In this context, Brazil made limited progress toward its
Sustainable Development Goals (SDGs). Specifically,
regarding SDG 7, there was minimal reduction in energy
poverty, and universal, reliable, modern, and
affordable energy access was not fully achieved.
Consequently, the just and inclusive energy transition as a
driver of sustainable development advanced only partially.

Despite the increasing frequency and intensity of extreme
climate events, measures to enhance the resilience of
the national energy system were not significantly
strengthened. As a result, there was no substantial
adoption of modern technologies to provide flexibility and
resilience in grid operations or to increase storage
capacity, leaving conventional technologies predominant.
This characteristic led to higher operational costs,
preventing a more efficient utilization of the system.
Nonetheless, there were some isolated improvements in
the development of specific areas.
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Fossil fuels remained the dominant sources in the global primary energy supply. However,
their share in the global energy mix has been gradually decreasing since the 2020s, driven by
the increasing competitiveness of renewable sources. In this context, Brazil continues to be
a major producer and exporter of oil and has experienced a significant increase in
natural gas production, reducing its external dependency on this resource. The national
oilindustry was primarily driven by the exploration of new frontiers during the 2020s and
2030s.However, starting in the 2040s, the decline in global oil demand limited the
development of new large-scale oil and gas projects in the country.
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Energy scenarios for 2055

C4 - Transition for what?

Imagine a future where ...

A weak and limited governance for a development model
aligned with the climate agenda has hindered a more
structural transformation of the Brazilian economy. This
has prevented the country from leveraging the climate
agenda and the energy transition as a differential in its
development strategy.

As aresult, the Brazilian economy has not advanced in key
sectors relevant to the energy transition, remaining reliant
on foreign technology and preserving its primary export
model, with a significant share of commoditiesin its
export portfolio, including oil.

Despite a global context of heightened concern over
climate change, Brazil has made limited progress in the
energy transition and failed to meet its global climate
commitments, such as achieving climate neutrality by
2050. This shortfall is largely due to a lack of clear
sociopolitical consensus and the strong influence of
lobbying, particularly from the agribusiness and fossil fuel
sectors. This absence of consensus has translated into
inadequate coordination and integration of public
policies for the energy transition, undermining the
country’s progression toward a low-carbon economy.

The energy transition process was further constrained
by regulatory issues and the high costs associated with
low-carbon technologies. The regulatory framework did
not evolve to foster the widespread adoption of these
technologies, and their costs remained elevated, inhibiting
their development within the country. Additionally, the
high cost of capital persisted, resulting in insufficient and
inadequate financing for the energy transition.

Despite the challenging environment for low-carbon
technologies, the energy mix did not undergo substantial
changes compared to its state in the early 2020s. With
increased cost pressures and a slow pace of digital
transformation in the sector, the electric system failed to
adopt innovative solutions — such as digitalization,
battery storage, and pumped storage hydropower —
that could enhance its flexibility. Instead, it continued
to rely on conventional technologies, such as
hydroelectric and natural gas thermal power plants.

The unfavorable conditions surrounding key enablers of
the energy transition —such as the high costs and
inadequate regulation of new technologies, along with the
lack of consensus and coordination in energy transition
policies— have negatively affected the pace and scale of
decarbonization in hard-to-abate sectors.
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Energy scenarios for 2055

C4 - Transition for what?

This sluggish progress has been particularly evidentin
the transportation and industrial sectors, adversely
impacting exports and weakening the national
economy.

Despite the increased frequency of extreme weather
events and heightened concerns about energy security,
over the past 30 years, the electric system has continued
to rely on the same resilience practices, with fossil fuels
still playing a significant role in its operations. This reliance
has left the system somewhat vulnerable, leading to
additional costs that further burdened consumers.

In terms of electro-energy integration in Latin America,
there has been no significant progress. Brazil has, has
focused primarily on addressing specific demands, not
taking advantage of potential synergies of regional
integration.

Over the years, the demand for energy services has
expanded, but it has remained with low responsiveness.
No significant rationalization of energy consumption has
been observed, largely due to modest advancements in
energy efficiency.

While there has been an increased emphasis on consumer
engagement and greater decentralization of energy

systems, the expansion of distributed energy resources
(DERSs) has been subdued, with a certain stagnation in
the distributed generation-based DER model.

With significant demand for oil and oil products both
internationally and domestically, coupled with the high
costs of low-carbon technologies, the oil and gas sector
holds a prominent position in Brazil in 2055. Over the past
30 years, the country accelerated the exploration of
new frontiers, increasing its production and influence
in the international market.

On the social front, there have been few
advancements, as the limited energy transition failed
to achieve inclusivity and fairness. Sectoral
inefficiencies intensified, further burdening consumers,
resulting in a lack of reduction in energy poverty. By 2055,
Brazil has still not achieved universal, reliable, and
modern energy access with affordable tariffs. Additionally,
innovations had a minimalimpact on sustainable
development, with these effects largely unnoticed by
society. Consequently, innovation was not leveraged as
a catalyst for the country's development.

e N .
~ N
- ; SN
- > >
L . 3
N\
b S R =
NG R
i SN
! — i
7 o N
Qi —— R
-~ SR
- , = N
) =
el .
e R { = L LE —i—

Brazil’s National Energy Plan 2055 | Energy Scenarios

59




Energy scenarios for 2055

C5 - Blocked transition

Imagine a future where ...

The climate events hosted in Brazil during the 2020s
created momentum for partial progress in the country’s
climate governance. Despite increased mobilization and
coordination in certain sectors, particularly those
related to land-use change, Brazil failed to meet its
commitment to climate neutrality by 2050.
Furthermore, the energy system was unable to drive
more structural changes toward a low-carbon
economy.

The uncoordinated and competitive actions among
countries hindered the expansion of supply chains,
resulting in a prolonged period of inflation driven by rising
prices of products and services related to the energy
transition. This inflationary pressure delayed the
development of low-carbon economies. In this context,
Brazil's energy transition was constrained by
significant cost pressures on low-carbon technologies.
These challenges were partly attributed to the country's
limited productive and technological capacity in these
supply chains, which perpetuated its dependence on
other economies and its vulnerability to international
market dynamics. Furthermore, the lack of progress in
establishing a regulated carbon market and in creating
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Energy scenarios for 2055

C5 - Blocked transition

innovative and more integrated financing mechanisms
for energy innovation further hindered Brazil's transition
to a low-carbon economy.

Additionally, on the international stage, escalating
tensions in low-carbon supply chains (including CCS) and
their associated high costs elevated the prominence of oil
and gas in meeting both national and global energy
needs. This shift drove growth in the international supply
and demand for O&G (without CCS), creating significant
challenges for the decarbonization of Brazil’s energy
system.

Domestically, the regulatory reactivity to low-carbon
technologies, the slow adoption of digital technologies,
and the lack of coordinated policies for the energy
transition resulted in a patchwork approach
(“puxadinhos” in Portuguese) that hindered progress in
the three Ds - decentralization, digitalization and
decarbonization - and limited improvements in energy
access across the country.

Despite the increasing frequency and intensity of extreme
climate events, the national energy system failed to
expand its use of modern technologies that provide
greater flexibility and resilience in operations,
maintaining reliance on conventional technologies.

This reliance led to rising operational costs and prevented
the system from achieving more efficient utilization.

Even so, there were some targeted improvements in the
development of infrastructure for the electric system.

Despite the accelerated exploration of new oil and gas
frontiers, the country was unable to effectively channel oil
revenues into building local productive and innovative
capacity or maximize their impact on sustainable
development for society as a whole.

Brazil’s National Energy Plan 2055 | Energy Scenarios

61



REFERENCES

AGENCIA GOV (2024). Plano unifica agdes de Estado para politica energética mais verde e inclusiva. 26 ago. 2024. Available at:
https://agenciagov.ebc.com.br/noticias/202408/plano-unifica-acoes-de-estado-para-politica-energetica-mais-verde-e-inclusiva. Access in: December 2024.

ANBIMA - Associagéo Brasileira das Entidades dos Mercados Financeiro e de Capitais (2024). Boletim de debéntures incentivadas e de infraestrutura. 17 jul. 2024. Available at:
https://data.anbima.com.br/publicacoes/boletim-de-debentures-incentivadas-e-de-infraestrutura/captacoes-no-mercado-de-debentures-incentivadas-atingem-64-bi-no-primeiro-
semestre. Access in: November 2024.

BNDES - Banco Nacional de Desenvolvimento Econdmico e Social (2021). Por um Futuro Sustentavel: BNDES + Energias Renovaveis. Available at:

https://agenciadenoticias.bndes.gov.br/export/sites/default/.galleries/downloadgallery/POR-UM-FUTURO-SUSTENTAVEL-BNDES-ENERGIAS-RENOVAVEIS-03-11.pdf. Access in:
November 2024.

(2023). BNDES, Finep e MCTI langam maior programa de inovacéo do pais com apoio de R$ 60 bi e novas taxas. 31 ago. 2023. Available at:
https://www.bndes.gov.br/wps/portal/site/home/imprensa/noticias/conteudo/bndes-finep-e-mcti-lancam-maior-programa-de-inovacao-do-pais-com-apoio-de-60-bi-e-novas-taxas.
Access in: December 2024.

(2024). Novo Fundo Clima cresce e tem R$ 10,4 bilh6es com novas condi¢cdes para projetos verdes. 2 abr. 2024. Available at:
https://www.bndes.gov.br/wps/portal/site/home/imprensa/noticias/conteudo/novo-fundo-clima-cresce-e-tem-10,4-bilhoes-de-reais-com-novas-condicoes-para-projetos-verdes.
Access in: December 2024.

BLOOMBERGNEF (2024). Energy Transition Investment Trends 2024: Tracking global investment in the low-carbon transition. Available at:
https://assets.bbhub.io/professional/sites/24/Energy-Transition-Investment-Trends-2024.pdf. Access in: November 2024.

BP (2023). BP Energy Outlook 2023 edition. Available at: https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/energy-outlook/bp-
energy-outlook-2023.pdf. Access in: November 2024.

BRASIL (2023a). Governo Federal retoma Luz para Todos e ira levar energia para mais de 500 mil familias brasileiras. 4 ago. 2023. Available at: https://www.gov.br/mme/pt-
br/assuntos/noticias/governo-federal-retoma-luz-para-todos-e-ira-levar-energia-para-mais-de-500-mil-familias-brasileiras. Access in: December 2024.

(2023b). Transmisséao de energia tera R$ 89 bilhes em investimentos no novo PAC. 23 ago. 2023. Available at: https://www.gov.br/mme/pt-
br/assuntos/noticias/transmissao-de-energia-tera-r-89-bilhoes-em-investimentos-no-novo-pac. Access in: December 2024.

Brazil’s National Energy Plan 2055 | Energy Scenarios 62


https://agenciagov.ebc.com.br/noticias/202408/plano-unifica-acoes-de-estado-para-politica-energetica-mais-verde-e-inclusiva
https://data.anbima.com.br/publicacoes/boletim-de-debentures-incentivadas-e-de-infraestrutura/captacoes-no-mercado-de-debentures-incentivadas-atingem-64-bi-no-primeiro-semestre
https://data.anbima.com.br/publicacoes/boletim-de-debentures-incentivadas-e-de-infraestrutura/captacoes-no-mercado-de-debentures-incentivadas-atingem-64-bi-no-primeiro-semestre
https://www.bndes.gov.br/wps/portal/site/home/imprensa/noticias/conteudo/bndes-finep-e-mcti-lancam-maior-programa-de-inovacao-do-pais-com-apoio-de-60-bi-e-novas-taxas
https://www.bndes.gov.br/wps/portal/site/home/imprensa/noticias/conteudo/novo-fundo-clima-cresce-e-tem-10,4-bilhoes-de-reais-com-novas-condicoes-para-projetos-verdes
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/energy-outlook/bp-energy-outlook-2023.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/energy-outlook/bp-energy-outlook-2023.pdf
https://www.gov.br/mme/pt-br/assuntos/noticias/governo-federal-retoma-luz-para-todos-e-ira-levar-energia-para-mais-de-500-mil-familias-brasileiras
https://www.gov.br/mme/pt-br/assuntos/noticias/governo-federal-retoma-luz-para-todos-e-ira-levar-energia-para-mais-de-500-mil-familias-brasileiras
https://www.gov.br/mme/pt-br/assuntos/noticias/transmissao-de-energia-tera-r-89-bilhoes-em-investimentos-no-novo-pac
https://www.gov.br/mme/pt-br/assuntos/noticias/transmissao-de-energia-tera-r-89-bilhoes-em-investimentos-no-novo-pac

(2024a). Presidente Lula sanciona Lei do Combustivel do Futuro para promover a mobilidade sustentavel. 8 out. 2024. Available at: https://www.gov.br/planalto/pt-
br/acompanhe-o-planalto/noticias/2024/10/presidente-lula-sanciona-lei-do-combustivel-do-futuro-para-promover-a-mobilidade-sustentavel. Access in: December 2024.

(2024b). Brasil entrega a ONU nova NDC alinhada ao Acordo de Paris. 13 nov. 2024. Available at: https://www.gov.br/mma/pt-br/assuntos/noticias/brasil-entrega-a-onu-
nova-ndc-alinhada-ao-acordo-de-paris. Access in: December 2024,

(2024c). Presidente Lula sanciona lei que cria mercado regulado de carbono no Brasil. 12 dez. 2024. Available at: https://www.gov.br/planalto/pt-br/acompanhe-o-
planalto/noticias/2024/12/presidente-lula-sanciona-lei-que-cria-mercado-regulado-de-carbono-no-brasil. Access in: December 2024.

CEBDS e PSR (2023). Roadmap: Os Caminhos do Setor Empresarial Brasileiro na Transicao Energética Nacional. Available at: https://cebds.org/wp-
content/uploads/2023/06/CTClima_TransicaoEnergetica-2023_CEBDS.pdf. Access in: Novembro 2024.

CEBRI, BID, EPE and CENERGIA (2023). Neutralidade de carbono até 2050: Cenarios para uma transicao eficiente no Brasil. Available at:
https://www.cebri.org/media/documentos/arquivos/PTE_RelatorioFinal_PT_Digital_.pdf. Access in: November 2024.

CLIMATE ACTION TRACKER (2023). CAT net zero target evaluations. Available at: https://climateactiontracker.org/global/cat-net-zero-target-evaluations/. Access in: November
2024.

DELOITTE (2020). The future of energy: A novel approach to creating advantage in the face of systemic uncertainty, via scenario planning. Available at:
https://www.deloitte.com/content/dam/assets-shared/legacy/docs/perspectives/2022/gx-eri-future-of-energy.pdf. Access in: November 2024.

EIA-U.S. Energy Information Administration (2023). Anual Energy Outlook 2023. Available at: https://www.eia.gov/outlooks/aeo/pdf/AEO2023_Narrative.pdf. Access in: November
2024.

ENERGY INSTITUTE (2024). Statistical Review of World Energy. Available at: https://www.energyinst.org/statistical-review/. Access in: November 2024.

EPE - Empresa de Pesquisa Energética (2007). Plano Nacional de Energia 2030. Available at: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/Documents/Relat%c3%b3rio%20final%20PNE%202030.pdf. Access in: November 2024.

(2020). Plano Nacional de Energia 2050. Relatério Final. Available at: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/PublicacoesArquivos/publicacao-227/topico-563/Relatorio%20Final%20do%20PNE%202050.pdf. Access in: November 2024.

Brazil’s National Energy Plan 2055 | Energy Scenarios

63


https://www.gov.br/planalto/pt-br/acompanhe-o-planalto/noticias/2024/10/presidente-lula-sanciona-lei-do-combustivel-do-futuro-para-promover-a-mobilidade-sustentável
https://www.gov.br/planalto/pt-br/acompanhe-o-planalto/noticias/2024/10/presidente-lula-sanciona-lei-do-combustivel-do-futuro-para-promover-a-mobilidade-sustentável
https://www.gov.br/mma/pt-br/assuntos/noticias/brasil-entrega-a-onu-nova-ndc-alinhada-ao-acordo-de-paris
https://www.gov.br/mma/pt-br/assuntos/noticias/brasil-entrega-a-onu-nova-ndc-alinhada-ao-acordo-de-paris
https://www.gov.br/planalto/pt-br/acompanhe-o-planalto/noticias/2024/12/presidente-lula-sanciona-lei-que-cria-mercado-regulado-de-carbono-no-brasil
https://www.gov.br/planalto/pt-br/acompanhe-o-planalto/noticias/2024/12/presidente-lula-sanciona-lei-que-cria-mercado-regulado-de-carbono-no-brasil
https://www.cebri.org/media/documentos/arquivos/PTE_RelatorioFinal_PT_Digital_.pdf
https://climateactiontracker.org/global/cat-net-zero-target-evaluations/
https://www.deloitte.com/content/dam/assets-shared/legacy/docs/perspectives/2022/gx-eri-future-of-energy.pdf
https://www.eia.gov/outlooks/aeo/pdf/AEO2023_Narrative.pdf
https://www.energyinst.org/statistical-review/
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/Documents/Relat%c3%b3rio%20final%20PNE%202030.pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/Documents/Relat%c3%b3rio%20final%20PNE%202030.pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-227/topico-563/Relatorio%20Final%20do%20PNE%202050.pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-227/topico-563/Relatorio%20Final%20do%20PNE%202050.pdf

(2023). Atlas de Eficiéncia Energética Brasil 2023. Available at: https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-
788/Atlas_Brasil_2023. Access in: November 2024.

(2024a). Balanco Energético Nacional - BEN 2024: Relatério Sintese Ano base 2023. Available at: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/PublicacoesArquivos/publicacao-819/topico-715/BEN_S%C3%ADntese_2024_PT.pdf. Access in: November 2024.

(2024b). Plano Decenal de Expansao de Energia 2034: Versao para Consulta Publica. Available at: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/PublicacoesArquivos/publicacao-804/topico-737/Relat_rio_PDE_2034_e_Anexo_Ill___ Proposi__o_de_Diretrizes_para_elabora__o_do_PDE_2035.pdf. Access in:
November 2024.

(2024c). Inova-e: Painel de indicadores de investimentos em inovacao em energia no Brasil. Available at: https://dashboard.epe.gov.br/apps/inova-e/index.html. Access in:
December 2024.

EPRI and GTI ENERGY (2023). LCRI Net-Zero 2050: U.S. Economy-Wide Deep Decarbonization Scenario Analysis. Available at: https://lcri-netzero.epri.com/. Access in: November
2024.

FGV - Fundacao Getulio Vargas (2024). Indicadores anuais de produtividade. Observatorio da Produtividade Regis Bonelli. Available at: https://ibre.fgv.br/observatorio-
produtividade/temas/categorias/ptf-anual. Access in: November 2024.

IBGE - Instituto Brasileiro de Geografia e Estatistica (2024). Contas Nacionais Trimestrais — 4° trimestre de 2023. Available at:
https://www.ibge.gov.br/estatisticas/economicas/contas-nacionais/9300-contas-nacionais-trimestrais.html. Access in: December 2024.

IEA - International Energy Agency (2021). Empowering Cities for a Net Zero Future: Unlocking resilient, smart, sustainable urban energy systems. Available at:
https://iea.blob.core.windows.net/assets/4d5¢939d-9¢37-490b-bb53-2c0d23f2¢cf3d/G20EmpoweringCitiesforaNetZeroFuture.pdf. Access in: November 2024.

(2022). World Energy Outlook 2022. Available at: https://www.iea.org/reports/world-energy-outlook-2022. Access in: November 2024.

(2023). Net Zero Roadmap A Global Pathway to Keep the 1.5 °C Goal in Reach. Available at: https://iea.blob.core.windows.net/assets/9a698da4-4002-4e53-8ef3-
631d8971bf84/NetZeroRoadmap_AGlobalPathwaytoKeepthe1.5CGoalinReach-2023Update.pdf. Access in: November 2024.

(2024a). Energy Technology Perspectives 2024. Available at: https://iea.blob.core.windows.net/assets/ffbd8bf6-32d1-4099-ae38-
eae1123e2072/EnergyTechnologyPerspectives2024.pdf. Access in: November 2024.

Brazil’s National Energy Plan 2055 | Energy Scenarios 64


https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-788/Atlas_Brasil_2023
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-788/Atlas_Brasil_2023
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-819/topico-715/BEN_S%C3%ADntese_2024_PT.pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-819/topico-715/BEN_S%C3%ADntese_2024_PT.pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-804/topico-737/Relat_rio_PDE_2034_e_Anexo_II___Proposi__o_de_Diretrizes_para_elabora__o_do_PDE_2035.pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-804/topico-737/Relat_rio_PDE_2034_e_Anexo_II___Proposi__o_de_Diretrizes_para_elabora__o_do_PDE_2035.pdf
https://dashboard.epe.gov.br/apps/inova-e/index.html
https://lcri-netzero.epri.com/
https://www.ibge.gov.br/estatisticas/economicas/contas-nacionais/9300-contas-nacionais-trimestrais.html
https://www.iea.org/reports/world-energy-outlook-2022
https://iea.blob.core.windows.net/assets/9a698da4-4002-4e53-8ef3-631d8971bf84/NetZeroRoadmap_AGlobalPathwaytoKeepthe1.5CGoalinReach-2023Update.pdf
https://iea.blob.core.windows.net/assets/9a698da4-4002-4e53-8ef3-631d8971bf84/NetZeroRoadmap_AGlobalPathwaytoKeepthe1.5CGoalinReach-2023Update.pdf
https://iea.blob.core.windows.net/assets/ffbd8bf6-32d1-4099-ae38-eae1123e2072/EnergyTechnologyPerspectives2024.pdf
https://iea.blob.core.windows.net/assets/ffbd8bf6-32d1-4099-ae38-eae1123e2072/EnergyTechnologyPerspectives2024.pdf

(2024b). Brazil’s opportunity to lead the global dialogue on energy and climate. 18 jul. 2024. Available at: https://www.iea.org/commentaries/brazil-s-opportunity-to-lead-
the-global-dialogue-on-energy-and-climate. Access in: December 2024.

(2024c). World Energy Investment 2024. Available at: https://www.iea.org/reports/world-energy-investment-2024/. Access in: December 2024.

IPCC - Intergovernmental Panel on Climate Change (2022). Climate Change 2022: Impacts, Adaptation and Vulnerability - Working Group Il Contribution to the Sixth Assessment
Report. Available at: https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_FullReport.pdf. Access in: November 2024.

IPEA - Instituto de Pesquisa Econdmica Aplicada (2024). Objetivos de Desenvolvimento Sustentavel - ODS. Available at: https://www.ipea.gov.br/ods/ods7_card.html. Access in:
November 2024.

IRENA - International Renewable Energy Agency (2022). Scenarios for the Energy Transition: Experience and good practices in Latin America and the Caribbean. Available at:
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Long_term_scenarios_LAC_EN_2022.pdf?rev=03e2f1c0b9fe443585d0b917713ee5fc. Access in:
November 2024.

(2023a). World Energy Transitions Outlook 2023. Available at:
https://www.irena.org/media/Files/IRENA/Agency/Publication/2023/Jun/IRENA_World_energy_transitions_outlook_2023.pdf. Access in: November 2024.

(2023b). Long-Term Energy Scenarios and Low-Emission Development Strategies: Stocktaking and alignment. Available at: https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2023/Jan/IRENA_LTES_LE-LTDS_stocktake_2023.pdf. Access in: December 2024.

MCTI - Ministério da Ciéncia, Tecnologia e Inovagao (2024). Servigo de Registro Nacional de Emissoes (SIRENE). Available at: https://www.gov.br/mcti/pt-br/acompanhe-o-
mcti/sirene. Access in: December 2024.

MDIC - Ministério do Desenvolvimento, Industria, Comércio e Servigos (2024). Nova Industria Brasil: Plano de Agao para a Neoindustrializagao 2024-2026. Available at:
https://www.gov.br/mdic/pt-br/composicao/se/cndi/plano-de-acao/nova-industria-brasil-plano-de-acao.pdf. Access in: December 2024.

MINISTERIO DA FAZENDA (2023). Taxonomia Sustentavel Brasileira: Plano de Acdo. Available at: https://www.gov.br/fazenda/pt-br/orgaos/spe/taxonomia-sustentavel-
brasileira/arquivos-taxonomia/taxonomia-sustentavel-brasileira-dezembro-v2.pdf. Access in: December 2024.

(2024). Novo Brasil: Plano de Transformacao Ecolégica. Available at: https://www.gov.br/fazenda/pt-br/acesso-a-informacao/acoes-e-programas/transformacao-ecolégica.
Access in: December 2024.

Brazil’s National Energy Plan 2055 | Energy Scenarios 65


https://www.iea.org/commentaries/brazil-s-opportunity-to-lead-the-global-dialogue-on-energy-and-climate
https://www.iea.org/commentaries/brazil-s-opportunity-to-lead-the-global-dialogue-on-energy-and-climate
https://www.iea.org/reports/world-energy-investment-2024/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Long_term_scenarios_LAC_EN_2022.pdf?rev=03e2f1c0b9fe443585d0b917713ee5fc
https://www.irena.org/media/Files/IRENA/Agency/Publication/2023/Jun/IRENA_World_energy_transitions_outlook_2023.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/Jan/IRENA_LTES_LE-LTDS_stocktake_2023.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/Jan/IRENA_LTES_LE-LTDS_stocktake_2023.pdf
https://www.gov.br/mdic/pt-br/composicao/se/cndi/plano-de-acao/nova-industria-brasil-plano-de-acao.pdf
https://www.gov.br/fazenda/pt-br/orgaos/spe/taxonomia-sustentavel-brasileira/arquivos-taxonomia/taxonomia-sustentavel-brasileira-dezembro-v2.pdf
https://www.gov.br/fazenda/pt-br/orgaos/spe/taxonomia-sustentavel-brasileira/arquivos-taxonomia/taxonomia-sustentavel-brasileira-dezembro-v2.pdf
https://www.gov.br/fazenda/pt-br/acesso-a-informacao/acoes-e-programas/transformacao-ecológica

NREL - National Renewable Energy Laboratory (2022). Examining Supply-Side Options to Achieve 100% Clean Electricity by 2035. Available at:
https://www.nrel.gov/docs/fy220sti/81644.pdf. Access in: November 2024.

ONU - Organizacao das Nacoes Unidas (2024). Sobre o nosso trabalho para alcancar os Objetivos de Desenvolvimento Sustentavel no Brasil. Available at:
https://brasil.un.org/pt-br/sdgs. Access in: November 2024.

OURWORLD IN DATA (2024). Primary energy consumption per capita. Available at: htips://ourworldindata.org/grapher/per-capita-energy-use. Access in: December 2024.

SGB - Servigo Geoldgico do Brasil (2024). Brasil tem potencial para ter uma das cinco maiores reservas de uranio do mundo. Available at: https://www.sgb.gov.br/w/brasil-tem-
potencial-para-ter-uma-das-cinco-maiores-reservas-de-uranio-do-mundo. Access in: November 2024.

SHELL (2023). The Energy Security Scenarios - Full report. Available at: https://www.shell.com/news-and-insights/scenarios/the-energy-security-
scenarios/_jcr_content/root/main/section_926760145/promo/links/item0.stream/1679344984968/5bc8327925d66e1402040d0e79fed7291bf9b7e9/energy-security-scenarios-full-
report.pdf. Access in: November 2024.

SMIL, Vaclav (2017). Energy Transitions: Global and National Perspectives, 22 edicao. Santa Barbara, California: Praeger, 2017

STATKRAFT (2022). Low Emissions Scenario 2022. Available at: https://www.statkraft.com.br/sustentabilidade/low-emissions-scenario/. Access in: November 2024.

TALEB, Nassim N. (2018). A légica do cisne negro: o impacto do altamente improvavel. Tradugéo de Ivo Korytowski. Rio de Janeiro: BestSeller, 2018.

UK MET OFFICE (2024). How is climate linked to extreme weather?. Available at: https://www.metoffice.gov.uk/weather/climate/climate-and-extreme-weather. Access in:
December 2024.

USGS - U.S. Geological Survey (2024). Mineral Commodity Summaries 2024. Available at: https://pubs.usgs.gov/publication/mcs2024. Access in: November 2024.

VALOR ECONOMICO (2023). BNDES busca projetos para financiar transi¢do. 11 out. 2023. Available at: https://valor.globo.com/brasil/noticia/2023/10/11/bndes-busca-projetos-
para-financiar-transicao-energetica.ghtml. Access in: November 2024.

Brazil’s National Energy Plan 2055 | Energy Scenarios 66


https://www.nrel.gov/docs/fy22osti/81644.pdf
https://brasil.un.org/pt-br/sdgs
https://ourworldindata.org/grapher/per-capita-energy-use
https://www.shell.com/news-and-insights/scenarios/the-energy-security-scenarios/_jcr_content/root/main/section_926760145/promo/links/item0.stream/1679344984968/5bc8327925d66e1402040d0e79fed7291bf9b7e9/energy-security-scenarios-full-report.pdf
https://www.shell.com/news-and-insights/scenarios/the-energy-security-scenarios/_jcr_content/root/main/section_926760145/promo/links/item0.stream/1679344984968/5bc8327925d66e1402040d0e79fed7291bf9b7e9/energy-security-scenarios-full-report.pdf
https://www.shell.com/news-and-insights/scenarios/the-energy-security-scenarios/_jcr_content/root/main/section_926760145/promo/links/item0.stream/1679344984968/5bc8327925d66e1402040d0e79fed7291bf9b7e9/energy-security-scenarios-full-report.pdf
https://www.statkraft.com.br/sustentabilidade/low-emissions-scenario/
https://www.metoffice.gov.uk/weather/climate/climate-and-extreme-weather
https://valor.globo.com/brasil/noticia/2023/10/11/bndes-busca-projetos-para-financiar-transicao-energetica.ghtml
https://valor.globo.com/brasil/noticia/2023/10/11/bndes-busca-projetos-para-financiar-transicao-energetica.ghtml

The Scenarios Working Group expresses its deep gratitude to:

The EPE leadership, whose participation in interviews on energy system uncertainties,
as well as their guidance and validation of the Scenarios Working Group developments,
were fundamental: Angela Livino, Giovani Machado, Gustavo Ataide, Heloisa
Borges, Reinaldo Garcia, Thiago lvanoski, and Thiago Prado.

External Specialists, who enriched the thematic workshops with their valuable
contributions and productive debates: Alexandre Szklo (UFRJ), André Osério
(Eletronuclear), Bernardo Sicsii (Abraceel), Christiano Vieira (ONS), Darlan Santos
(ANAC), Décio Oddone (Brava Energia), Fernando Costa (Brazilian Navy), Fernando
Salina (CSN), Gonzalo Visedo (SNIC), Jerson Kelman (UFRJ), Joisa Dutra (FGV),
Paulo Pedrosa (Abrace), Sinval Gama (Eletronuclear), Tilio Andrade (Itamaraty),
and Viviana Coelho (Petrobras).

Members of the EPE Advisory Council (Concepe), whose active participation in the
discussions on energy system uncertainties was essential to the success of the
Scenarios Working Group activities.

Models Working Group team members, for their valuable interactions and
contributions throughout the process.

Dozens of team members from EPE and MME, who contributed through individual
forms and questionnaires, adding diversity to the analyses.

EPE Communication Advisory (Ascom), for their support in the preparation of
materials and dissemination of Scenarios Working Group activities and internal events.

Cintia Senra, Gustavo Magalhaes, and Maria das Gragas Gomes, for their
dedicated and effective support in organizing the meetings and workshops.

The images used in this report were obtained from the platforms Canva, Flaticon, and
Freepik. The icons were obtained from Flaticon/Freepik and Flaticon/Becris.



G O

EEEEEEEEEEEEEE

UNIAQ E RECONSTRUCAC

Energy
Scenarios

Brazil’s National
EnergyPlan 2055

Follow EPE on social media and digital platforms:

flolclinlal=,



https://br.linkedin.com/company/empresa-de-pesquisa-energetica
https://www.youtube.com/channel/UCwyXnM_1SQZPvjBeBQ-CMtg
https://www.instagram.com/epe_brasil/
https://www.facebook.com/EPE.Brasil/
https://open.spotify.com/show/2VZ0gXj6J2qb0fl35c4wrC?si=F_tGWnJZT7WEy0sTaOloIA
https://twitter.com/epe_brasil

	Slide 1

