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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

Qualitative
analysis

Quantitative
analysis

Strategy 
development

▪ Inputs collection

▪ Development of the energy 
scenarios logic

▪ Representation of energy chains in 
the integrated model

▪ Quantification of energy scenarios

▪ Optimizations



Scenario building for PNE 2055
1
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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 shift in 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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What were the steps taken in developing the scenarios for PNE 2055?

¹ 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), IEA (2022), IRENA (2022), IRENA (2023a), IRENA (2023b), 
NREL (2022), Shell (2023) and Statkraft (2022). 

 

1 2 3

▪ Definition of the methodology, 
stages, and deliverables in the 
timeline.

▪ Prior alignment and 
engagement with stakeholders 
regarding the work plan.

▪ Through inputs such as existing 
long-term studies¹ and interviews, 
the scope of the energy scenarios 
was defined, which includes:

✓ the main question to be 
answered;

✓ the definition of the object of 
the scenario development 
(what, for whom, and why?); 
and;

✓ key dimensions and 
retrospective and situational 
analysis.

▪ Preliminary mapping of future 
drivers.

▪ List of trends, uncertainties, 
and their implications for the 
object of the scenarios.

▪ Rounds of consultations and 
discussions with experts 
(inside and outside EPE).

4 5

▪ Addressing uncertainties and 
defining critical uncertainties 
through the use of methods, 
tools and participatory 
dynamics.

▪ Generation and description of the 
general logic of the scenarios.

▪ Promotion of dialogues to define 
the scope generated by exploratory 
scenarios and the modeling front: 
what questions can the modeling 
answer?

▪ Assessment of the limits and 
possibilities of integration between 
both fronts.

COMMUNICATION, ENGAGEMENT AND INTEGRATION

SCENARIO LOGICPRIORITIZATION OF 
UNCERTAINTIES

FUTURE DRIVERSSCOPE DEFINITION:
KEY QUESTIONS AND 

DIMENSIONS

METHODOLOGY AND 
WORK PLAN

SCENARIOSGUIDELINESINITIAL ALIGNMENTS
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... and the main differentiators of this process?

▪ Institutional 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.

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

Participation of 
representatives from the 
MME and the three core 
departments of EPE

Participatory and 
dynamic meetings

Use of facilitation 
techniques such as 
Liberating Structures

Implementation of forms 
and interviews

Joint construction of the 
energy scenario logic



Scope definition and 
retrospective analysis

2
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Initial alignments: general scope and key dimensions

SUMMARY FRAMEWORK OF SCENARIO ANALYSIS

Object and place
Energy system in Brazil

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

Time horizon
2055

Key question
What are the challenges and opportunities in developing a 
decarbonized energy system that contributes to sustainable 
development?

Target audience
MME and society

Energy Demand and 
the Role of the 
Consumer

Resilience and Energy 
Security

Energy Geopolitics Innovation Sustainable 
Development

Public Policies, 
Governance, and 
Financing for the 
Energy Transition

KEY DIMENSIONS OF ENERGY SCENARIOS



Before thinking about the future, it is necessary to 
look at the past and the present and reflect on our 
main challenges ...
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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)

Source: Adapted from Energy Institute (2024) and Smil (2017).
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... 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 (ºC)

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

Source: Adapted from IPCC (2022).
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... 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) 

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

Brazil is 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
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47.4%
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OECD
(2022)

World
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Source: EPE (2024a).
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... 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.
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Figure 7: Brazilian energy mix in 2023

Source: EPE (2024a).

Figure 6: Brazil’s external energy dependency (%)
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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?
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Targets Global indicators Evolution of 
indicators

Evaluation of 
goals

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

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

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

7.3 – By 2030, double the global rate of 
improvement in energy efficiency within the 
Brazilian economy.

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

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 
investment in energy infrastructure and clean 
energy technologies.

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 – By 2030, expand infrastructure and 
modernize technology to provide modern and 
sustainable energy services to all developing 
countries, particularly the least developed 
countries, small island developing states and 
landlocked developing countries, in accordance 
with their respective support programs.

7.b.1 – Investments in energy efficiency, 
as a percentage of GDP, and the 
amount of foreign direct investment in 
financial transfers for infrastructure
and technologies for sustainable 
development services.

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.

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

Figure 8: Sustainable Development Goals 

Source: ONU (2024).

Figure 9: Tracking progress on SDG 7 in Brazil

Source: IPEA (2024).
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And when we consider sustainable development, what is Brazil's true starting point?

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 content in its export and 
production portfolios.

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

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

Figure 10: Brazilian greenhouse gas emissions by sector (millions of tons of CO2 equivalent)

Source: Own elaboration based on MCTI (2024).

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

Source: Own elaboration based on IBGE (2024) and FGV (2024).
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And when we consider sustainable development, what is Brazil's true starting point?
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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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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 still in the early stages of maturity and development, making the acceleration of investments in innovation urgent.

Difficult questions to answer, but the responses necessarily involve innovation ...

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 million in 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).
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Figure 14: Share of investments in RD&D for non-fossil technologies 
under the ANP program (% total)

Source: Own elaboration based on EPE (2024c). Source: Own elaboration based on EPE (2024c).
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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.

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.

... in addition to instruments for financing the just energy transition ...
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Figure 15: BNDES disbursements for renewable energies (R$ billion)
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Figure 16: Volume of incentivized infrastructure debentures in energy (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 Development in 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 Amazônia”.
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Examples of public policies in the Brazilian energy sector Examples of initiatives, commitments, 
and climate policies
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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 
Amazônia” 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 “Combustível 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.

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.

… around the priority and cross-cutting agenda that is Brazil's transition to a low-carbon 
economy

Note: Some news and announcements (most in Portuguese) about Brazilian public policies related to the energy transition.

Sources: Agência 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 Econômico (2023).



Future drivers: trends and 
uncertainties

3

29Brazil’s National Energy Plan 2055  |  Energy Scenarios



30

Future drivers: trends and uncertainties

Brazil’s National Energy Plan 2055  |  Energy Scenarios

Future drivers: trends and uncertainties

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)

Phenomena with low predictability and high 
impact in relation to the future of the object

What changes: Uncertainties
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Major trends for the national energy system until 2055
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Figure 17: Supply chains for oil and gas and for relevant technologies to the energy transition

T1: Transformations in energy geopolitics: new players and supply chains

▪ 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.

Implications for the Brazilian energy system

The global race 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.

It is 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.

Source: Adapted from IEA (2022).
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T2: Climate change and energy security increasingly at the center of policies

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).
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▪ 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.

Implications for the Brazilian energy system
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Source: Adapted from IEA (2023).
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T3: The increasing importance of investments in innovation for the energy transition

▪ It is 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.

Implications for the Brazilian energy system

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 still in 
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 
recent years, a trend that began to reverse in 2023 (Figure 21).

Figure 20: Comparison of cumulative CO2 emission reductions 
in the energy sector relative to the baseline year, by technology 
maturity

Source: Own elaboration based on EPE (2024c).
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▪ 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.

T4: Gradual transformation of energy systems toward low-carbon economies

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)

Source: Own elaboration based on IEA (2024c).
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▪ 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.

▪ It is important to consider the local socio-environmental impacts of variable renewables sources.

T4A

Implications for the Brazilian energy system
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bringing new 
challenges for the 
system

Trends

▪ 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.

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

T4B Increased 
electrification of final 
energy consumption

▪ 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.
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T5: Expanding demand for energy services in Brazil

Emerging economies face growing energy demands 
due to their development process, population growth, 
improvement in living standards, among other factors, 
which increases the need for energy services.

According to EPE (2020), energy demand in Brazil is 
expected to double, and electricity demand to triple, by 
2050. Behavioral changes and new business models 
(affecting how energy is used), energy efficiency and 
electrification may influence the trajectory of energy 
demand in end-use sectors, although the magnitude of 
these impacts remains uncertain.

The slowdown in population growth and income evolution, 
with an estimated increase in GDP per capita, will also 
impact the need for energy services. In 2023, per capita 
energy consumption in Brazil was still half that of the 
European Union.

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 
in cities, leading to massive growth in demand for urban 
energy infrastructure (IEA, 2021).
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Source: Own elaboration based on EPE (2024a). Source: Own elaboration based on Our World in Data (2024).

▪ Challenge of ensuring reliable, sustainable, modern and affordable access to energy for all (SDG 7).

▪ 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.

Implications for the Brazilian energy system
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T6: Pressure for a socially just and inclusive energy transition

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.
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Source: EPE (2023).

▪ 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.

Implications for the Brazilian energy system
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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 
a just and inclusive energy transition.

T7: The growing importance of integrating public policies, governance and financing for the 
energy transition

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

▪ 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.

Implications for the Brazilian energy system
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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?

After examining the major trends, we moved on to mapping the forces with a high level of 
uncertainty and significant impact on the national energy system until 2055 ...

Mapping 
uncertainties

1

Treatment of 
uncertainties

2
Prioritization of 
uncertainties 

3

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.
• Other scenario studies.

Refinement and processing of the 
input list based on the discussions 

from workshops and interviews.

Step-by-step process for prioritizing uncertainties, 
applying the following techniques:
• Impact-Uncertainty Matrix.
• Motricity-Dependence Matrix or Structural Analysis.
• Morphological Matrix.
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Internal workshops conducted by EPE to discuss uncertainties

Panelists
Representatives from 
EPE's technical areas

1st Workshop – 03/11/2024
How will climate change impact the national energy 
system?

Panelist
Túlio Andrade (Itamaraty)

3rd Workshop – 3/25/2024
Net Zero: challenges and opportunities for Brazil

5th Workshop – 4/11/2024
Pathways for Brazil in hard-to-abate sectors

Panelists
Darlan Santos (ANAC)
Fernando Costa (Brazilian Navy)
Fernando Salina (CSN)
Gonzalo Visedo (SNIC)

4th Worshop – 4/3/2024
Transition of the oil & gas industry in Brazil

Panelists
Alexandre Szklo (COPPE/UFRJ)
Décio Oddone (Brava Energia)
Viviana Coelho (Petrobras)

2nd Workshop – 3/15/2024
Poverty and energy justice: definitions, indicators, 
measures and governance

Panelists
Launch of the EPE 
Technical Note,with
participation of panelists 
from EPE and MME

6th Workshop – 4/30/2024
Changes in the dynamics of the electric system in the 
context of the energy transition

Panelists
Bernardo Sicsú (Abraceel)
Christiano Vieira (ONS)
Jerson Kelman (UFRJ)
Joísa Dutra (FGV)
Paulo Pedrosa (Abrace)
Sinval Gama (Eletronuclear)

1 2 3 4 5 6
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List of uncertainties for the National Energy System until 2055

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

04 Will there 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 Will it 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 Will there 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?



Prioritization of uncertainties 
and development of the scenario 
logic

4
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What is it?

▪ A tool of prospective analysis that ranks key factors 
of the object to be analyzed in scenarios, based on 
two fundamental criteria: the degree of impact on 
the system-object, which in this case is the national 
energy system up to 2055 and the level of 
uncertainty.

▪ The higher the impact and uncertainty level of a 
given factor, the greater the need to consider it in 
scenario generation.

2,0
2,5
3,0
3,5
4,0
4,5
5,0

2,0 2,5 3,0 3,5 4,0 4,5 5,0

Im
pa

ct

Uncertainty

Impact-Uncertainty Matrix

Starting point: A list of 43 uncertainties 
(questions) translated into 63 variables.

These variables were analyzed based on the 
criteria of impact and uncertainty through a form.

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

Plotting of factors on the Impact-
Uncertainty Matrix.

Ranking and selection of a reduced list 
of uncertainties, which will be further 
analyzed in the subsequent prioritization 
stages.

1. Impact-Uncertainty Matrix
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Variables (Columns of the matrix)

Variables
(rows of the matrix)

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

M
otricity

Step 2
Explanation of the 
direct relationships 
existing between the 
variables using the 
Structural Analysis.

Dependence

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.

What is it?

▪ It is 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 
Godet.

Influence on...

Influence of...

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

M
otricity

Dependence

Step 3
Discussion and alignment dynamics

2. Motricity-Dependence Matrix or Structural Analysis
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What is it?

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

▪ It highlights qualitatively distinct combinations.

Group dynamics for constructing 
hypotheses (alternative future states) for a 
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.

3. Morphological Matrix



Notes: 
¹ Diversified sources of financing (private, public, international, carbon market, etc).
²  Due to resource scarcity, negative externalities, geopolitics.
³ 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.
6 For example, digitalization, AI, reversible batteries, transmission.

VARIABLES

GOVERNANCE FOR A SUSTAINABLE DEVELOPMENT 
MODEL ALIGNED WITH THE CLIMATE AGENDA Limited and weak Progresses but is limited to 

certain sectors Comprehensive and strong

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

Uncoordinated and 
poorly integrated

Progresses but is limited to 
certain sectors Coordinated and integrated

SOCIOPOLITICAL CONSENSUS AND GOVERNABILITY 
FOR THE ENERGY TRANSITION

Weak, with high 
influence from lobbies 

and lack of societal 
interest

Moderate, with progress in 
some sectors

Strong, with clear societal understanding 
of the benefits of the energy transition

FINANCING FOR THE ENERGY TRANSITION IN BRAZIL Insufficient and inadequate. Limited diversification 
of funding sources

Sufficient and 
adequate with 

current standard 
capital cost. 

Diversified funding 
sources.¹

Sufficient and 
adequate with lower 

capital cost. 
Diversified funding 

sources.

REGULATION FOR THE DEVELOPMENT OF LOW-
CARBON TECHNOLOGIES

Regulation limits the
market

Regulation lags behind the 
market Regulation fosters the market

BRAZILIAN DEVELOPMENT MODEL Maintenance of the 
primary export model

There are advances, but 
the primary export model 

is still maintained

Diversification of the economy with 
greater value addition and leadership in 

energy transition and SDGs

POSITIVE EXTERNALITIES OF INNOVATION IN 
SUSTAINABLE DEVELOPMENT

Weak and barely 
perceptible to society

Medium, with a focus on 
emissions

Strong/broad with appreciation from 
society

EVOLUTION OF THE COSTS OF LOW-CARBON 
TECHNOLOGIES

Increase or 
maintenance of 

costs²

Cost reduction according to 
current expectations

Cost reduction faster than current 
expectations

JUST AND INCLUSIVE ENERGY TRANSITION AS A 
DRIVER OF SUSTAINABLE DEVELOPMENT IN BRAZIL

Just and inclusive 
energy transition does 

not happen
Progresses insufficiently Fully occurs

PRODUCTIVE AND TECHNOLOGICAL CAPACITY OF 
BRAZIL IN GLOBAL VALUE CHAINS RELEVANT TO THE 
ENERGY TRANSITION

Low productive and 
technological 

capacity in relevant 
chains for the energy 

transition

Sectoral advances with 
productive development in 

some relevant chains for the 
energy transition and 

maintenance of 
technological dependence

Success of neo-industrialization policies. 
Broad development of productive and 

technological capacity in relevant chains 
for the energy transition

DIGITAL TRANSFORMATION IN THE ENERGY SYSTEM Slow Accelerated

DEVELOPMENT OF RESILIENT AND FLEXIBLE 
INFRASTRUCTURE AND POWER GRIDS FOR THE 
FUTURE ELECTRIC SYSTEM

Maintenance of current 
resilience and flexibility 

practices

Improvement restricted to 
some relevant practices 

and key areas

Improvement according to state-of-the-art 
best practices and proactive investment

RESILIENCE AND FLEXIBILITY OF THE ENERGY 
SYSTEM TO HANDLE EXTREME WEATHER EVENTS

Maintenance of current resilience and flexibility 
practices

Significant improvement of practices and 
proactive investment

EXPLOITING SYNERGIES RELATED TO ELECTRO-
ENERGY INTEGRATION

Maintenance of the current status focusing on 
meeting specific demands

Better use of synergies related to regional 
integration

UNIVERSAL, RELIABLE, MODERN AND AFFORDABLE 
ENERGY ACCESS Does not happen Partially happens Happens quickly

ENERGY POVERTY AND INEQUALITY IN ENERGY 
CONSUMPTION IN BRAZIL Does not reduce Reduces slightly Reduces significantly

SPEED AND INTENSITY OF DECARBONIZATION IN 
TRANSPORTATION

Maintenance of
current levels

Decarbonization according 
to current policies

Faster 
decarbonization 

than current 
policies

Faster 
decarbonization than 
current policies with 

systemic gains³

SPEED AND INTENSITY OF INDUSTRIAL 
DECARBONIZATION Slow decarbonization

Rapid 
decarbonization in 

specific niches

Broad and rapid
decarbonization4

FLEXIBILITY OF THE POWER SYSTEM TO HANDLE 
HIGH PENETRATION OF VARIABLE RENEWABLE 
ENERGY SOURCES

Predominance of conventional technologies5 Predominance of new innovative 
technologies in Brazil6

IMPACTS OF BEHAVIORAL CHANGES ON FINAL 
ENERGY CONSUMPTION

Low demand 
rationalization and 

responsiveness

Demand rationalization 
and responsiveness 

advance partially

Broad demand rationalization and 
responsiveness

PACE AND INTENSITY OF THE INTEGRATION OF 
DISTRIBUTED ENERGY RESOURCES (DER) AND THEIR 
IMPACTS ON THE ENERGY SYSTEM

Stagnation of the 
current model

Maintenance of the current 
pace (accelerated) focusing 

on distributed generation

Greater decentralization with 
development of other DERs

EXPLORATION OF NEW OIL AND GAS FRONTIERS IN 
BRAZIL In acceleration

Accelerated in the short and 
medium term and deceleration 

in the long term
In deceleration

ACHIEVING NET ZERO IN BRAZIL Far from achieving net 
zero by 2050

Brazil advances but does 
not achieve net zero by 

2050
Net zero is achieved by 2050

3. Morphological Matrix
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Results of the Structural Analysis

8 Sociopolitical consensus for the Energy 
Transition (ET)

9 Coordination and integration of public 
policies for the Energy Transition

7 Governance for a sustainable 
development model aligned with the 
climate agenda

10 Financing for 
the Energy 
Transition

Regulation for the 
development of low-
carbon technologies Development model

30Just and inclusive Energy 
Transition as a driver of 
development

11

Cost reduction of low-carbon 
technologies

33

Relative cost of electrification22

Positive externalities of innovation in development29

Resilience and flexibility of the energy system to handle 
extreme weather events2

Universal, reliable, modern, and affordable access to 
energy

26

Development 
of resilient 
and flexible 
electrical 
infrastructure 
and grids

17
Productive and 
technological capacity in 
value chains relevant to 
the Energy Transition

13

Reduction of poverty and inequality in energy consumption

31

Pace and intensity of DER 
integration

21 Pace and intensity of decarbonization in 
transportation

18

Pace and intensity of 
decarbonization in the 
industry

20

Behavioral changes

Flexibility of the power system to 
handle variable renewable energy 
sources

16

New frontiers in oil and gas 
exploration

Brazil’s 
progress in 
global value
chains

12

Evolution of 
the Circular 
Economy 
within the 
energy system

32

Regulation of 
carbon pricing

19

Consideration of social criteria in the 
allocation of risks within the electric system 
and in market design28

Use of rural and 
urban waste

24

Social participation 
in energy policies

27

4

23

Impacts of AI on the energy system15

Global demand of oil 
and gas

5

M
O

TR
IC

IT
Y

DEPENDENCE

14

1

25

6

Impacts of climate change
on Brazil’s energy system

Contribution of the 
land-use change, 
forestry, and 
agriculture sectors to 
achieving net zero

Share of rail and waterway 
modes in freight transport
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Results of the Structural Analysis

8 Sociopolitical consensus for the Energy 
Transition (ET)

9 Coordination and integration of public 
policies for the Energy Transition

7 Governance for a sustainable 
development model aligned with the 
climate agenda

10 Financing for 
the Energy 
Transition

Regulation for the 
development of low-
carbon technologies 11 Development model

30
Just and inclusive Energy 
Transition as a driver of 
development

Cost reduction of low-carbon technologies33

Relative cost of electrification22

Positive externalities of innovation in development29

Resilience and flexibility of the energy system to handle 
extreme weather events2

Universal, reliable, modern, and affordable access to 
energy26

Development 
of resilient 
and flexible 
electrical 
infrastructure 
and grids

17
Productive and 
technological capacity in 
value chains relevant to 
the Energy Transition

13

Reduction of poverty and inequality in energy consumption

31

Pace and intensity of DER 
integration

21 Pace and intensity of decarbonization in 
transportation

18

Pace and intensity of 
decarbonization in the 
industry

20

Behavioral
changes Flexibility of the power system to 

handle variable renewable energy 
sources

16

New frontiers in oil and gas 
exploration

Brazil’s progress 
in global value 
chains

12

Evolution of 
the Circular 
Economy 
within the 
energy system

32

Regulation of 
carbon pricing

19

Consideration of social criteria in the 
allocation of risks within the electric system 
and in market design28

Contribution of the 
land-use change, 
forestry, and 
agriculture sectors to 
achieving net zero

Use of rural and 
urban waste

24

Social participation 
in energy policies

27

4

Share of rail and waterway 
modes in freight transport23

Impacts of AI on the energy system15

Global demand of oil 
and gas

5

14

1

25

6

Impacts of climate change on Brazil’s 
energy system

AXIS 1

AXIS 2

The variables represented in the structural matrix reflect the uncertainties considered in the process. 

M
O
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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.”

Results of the Structural Analysis: definition of axes 

3 The 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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The logic of energy scenarios



Energy scenarios for 2055
5
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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.

Energy scenarios for 2055

C1 – Transition for all
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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 
significant increase 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 Brazil in 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

C1 – Transition for all
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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 
evident in 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.

Energy scenarios for 2055
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C2 – Transition for whom?

The race for decarbonization in transportation and 
industry, along with significant improvements 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 emissions in 
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 reliant on 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.

Energy scenarios for 2055
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C3 – Wasted transition

Imagine a future where ... 

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 
modest increase 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.

Energy scenarios for 2055
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C3 – Wasted transition

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 
oil industry 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.

Energy scenarios for 2055
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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 a result, 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 commodities in 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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C4 – Transition for what?

This sluggish progress has been particularly evident in 
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 
(DERs) 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 minimal impact on sustainable 
development, with these effects largely unnoticed by 
society. Consequently, innovation was not leveraged as 
a catalyst for the country's development.
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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

Energy scenarios for 2055



61Brazil’s National Energy Plan 2055  |  Energy Scenarios

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.
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