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This article aims to present what the future would require for the production and consumption of energy in Brazil based on the use of clean and renewable energy. To avoid the catastrophic future that is predicted for humanity resulting from global warming, it is imperative, among other measures, to reduce global emissions of greenhouse gases by replacing the current global energy matrix based fundamentally on fossil fuels (oil , coal and natural gas) by another global energy matrix structured based on renewable energy resources (hydroelectricity, biomass, solar energy, wind energy and hydrogen). In Brazil, the Ministry of Mines and Energy prepared the National Energy Plan 2050 (PNE 2050) in 2020, which does not adopt measures capable of preventing the emission of greenhouse gases in both the electricity and oil sectors. Read less
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THE FUTURE OF  ENERGY REQUIRED FOR BRAZIL
Fernando Alcoforado*
This article aims to present what the future would require for the production and
consumption of energy in Brazil based on the use of clean and renewable energy. The
article O futuro da energia requerido para o mundo (The future of energy required for
the world) [1] informs that, “to avoid the catastrophic future that is predicted for humanity
resulting from global warming, it becomes imperative, among other measures, to reduce
global greenhouse gas emissions by replacing the current global energy matrix based
fundamentally on fossil fuels (coal, oil and natural gas) and nuclear energy, with another
global energy matrix structured based on renewable energy resources (hydroelectricity,
biomass, solar energy, wind energy and hydrogen) to avoid or minimize global warming
and, consequently, the occurrence of catastrophic changes in the Earth's climate”. In
Brazil, the Ministry of Mines and Energy prepared the Plano Nacional de Energia 2050
(National Energy Plan 2050) (PNE 2050) [2], published on December 16, 2020, with a
set of studies, guidelines and long-term strategies for the Brazilian energy sector that does
not follow the guidelines proposed in the article cited above both for the electricity sector
and especially for the oil sector.
The main energy sources considered by PNE 2050 as alternatives for expanding the
electricity sector are hydroelectric, biomass, wind, solar, natural gas, mineral coal and
nuclear and do not consider the use of green hydrogen. It is absurd for PNE 2050 [2] to
consider the use of mineral coal, natural gas and nuclear energy in the electricity sector
expansion plan, given that natural gas and mineral coal contribute to gas emissions of the
greenhouse effect, the implementation of nuclear plants implies risks that should be
avoided and does not consider the use of green hydrogen as an effective alternative to be
used to replace fossil fuels. It is also absurd to consider in the expansion plan of the oil
sector the increase in production and consumption of oil and its derivatives, when the
correct thing would be to reduce the production and consumption of oil derivatives with
substitution in the transportation of gasoline with ethanol and green hydrogen, diesel oil
with biodiesel and green hydrogen, and, in industry, with the replacement of fuel oil with
natural gas due to the fact that it is the cleanest fossil source among fossil fuels. Petroleum
derivatives should be used for more noble uses in the petrochemical and fine chemical
industries.
According to PNE 2050 [2], renewable sources account for around three quarters of the
electrical matrix. To maintain the high share of renewable sources and low emissions in
the long term, hydroelectric use still represents an important element of expanding the
supply of electrical energy in the national interconnected system. Brazil has a
hydroelectric potential of 174 GW, with 108 GW in operation and construction by 2019
and 68 GW of inventoried hydroelectric potential. According to PNE 2050 [2], this
amount includes hydroelectric plants (HPPs) and hydroelectric projects smaller than 30
MW that had inventory studies completed and approved by ANEEL (National Electric
Energy Agency). In addition to a potential of 10 GW considered, related to repowering,
the amount of HPP projects can be expanded through energy integration with South
American countries: 10 GW in binational projects and 24 GW in other international
projects. This would bring the total potential to 198 GW, here without considering
projects smaller than 30 MW, which total 22 GW.
According to PNE 2050 [2], the available inventoried potential of HPPs is relatively small
(52 GW). The hydroelectric source will reduce its relative share in the electrical matrix
 


	2. 2
in the horizon  until 2050. In terms of installed capacity, the relative share may fall from
64% in 2015 to 31% in 2050, compensated by an expansion from 15% to 45% of the
relative share other renewable energy sources (biomass, wind and solar). In the
“Expansion Challenge” scenario, wind energy could reach 110 to 195 GW in terms of
installed capacity and between 50 and 85 average GW in terms of energy in 2050,
denoting its growing importance in the electrical matrix until 2050: around 22% to 33%
of total installed capacity or 27% to 40% in terms of total energy. The total installed
capacity of wind energy in 2050 could still exceed 200 GW if special cases are
considered, with wind projects reaching around 209 GW and 246 GW, respectively,
corresponding to a wind share between 36% and 42% of the total installed capacity of the
electrical system in 2050.
According to PNE 2050 [2], Brazil, due to its geographic location, receives high incidence
rates of solar radiation, which allows the development of viable solar projects in different
regions. Therefore, according to PNE 2050, the photovoltaic solar source presents itself
as a competitive alternative in energy supply, and can contribute to national commitments
to reduce greenhouse gases. The country has a potential of 307 GWp in the 6000-6200
Wh/m2.day irradiation range. The PNE 2050 foresees a significant expansion of the
photovoltaic solar source due to the prospect of the evolution of its competitiveness in the
2050 horizon. In most cases, and taking into account only centralized generation, the
photovoltaic solar source will reach between 27 and 90 GW in terms of installed capacity
and between 8 and 26 GW average in terms of energy in 2050, assuming around 5% to
16% of total installed capacity or 4% to 12% in terms of total energy in 2050. Such
expansion will occur predominantly in the last decades until 2050, when this energy
source will be more competitive.
According to PNE 2050 [2], the solar source must fill the limitation in the expansion of
HPPs in terms of installed capacity. The total centralized installed capacity of solar PV
in 2050 could be greater than 100 GW if it is used to replace wind expansion or when
transmission expansion is limited. In these two cases, the installed capacity for
photovoltaic projects in centralized generation will reach around 95 GW and 190 GW,
respectively. Such values correspond to a share of centralized solar between 18% and
30% of the system's total installed capacity in 2050. The distributed generation, in which
the photovoltaic solar source will represent just over 85% of the installed capacity by
2050, due to its modularity, decreasing cost and diffusion of technology among society,
would reach between 28 GW and 50 GW in 2050, which would represent 4% to 6% of
the total load.
According to PNE 2050 [2], in the generation of electrical energy, thermal generation has
been an important complement to hydroelectric generation since the beginning of the
2000s. The trend towards a reduction in hydroelectric participation in generation and the
entry into operation of hydroelectric plants run-of-river with a strongly seasonal profile,
in the North Region, creates a greater need for generation from other energy sources
during the dry period, complementing the system's energy requirement. PNE 2050 [2]
informs that, with the gradual reduction in the relative participation of hydroelectric plants
in the Brazilian electrical matrix replaced by the expansion of non-controllable renewable
energies, other resources, such as natural gas thermoelectric plants, will be increasingly
important for serving the various electrical system requirements. It is absurd for PNE
2050 [2] to maintain the policy of using natural gas thermoelectric plants in addition to
hydroelectric generation without taking into account the use of green hydrogen in
electricity production. The use of natural gas thermoelectric plants would not be
recommended not only to avoid the emission of greenhouse gases, but also to avoid the
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increase in energy  tariffs resulting from the use of thermoelectric plants. It is important
to highlight that green hydrogen could produce firm energy and thus avoid the use of
natural gas thermoelectric plants.
PNE 2050 [2] itself informs that, currently, hydrogen is applied as a raw material in the
synthesis of various products and in industrial processes. The energetic use of hydrogen
has been known for a long time, research and development of fuel cell technologies have
been developed with the aim of enabling its use for electricity production and in the
transport sector. Like electricity, hydrogen can be considered an efficient way of storing
and transporting energy. Among the alternatives for hydrogen production, the green route
(water electrolysis from renewable energy sources) is considered the most internationally
relevant and Brazil is recognized worldwide as a potential major player in this segment,
according to the PNE 2050. Despite these arguments, PNE 2050 did not consider the use
of green hydrogen in generating electricity and replacement of fossil fuels such as coal,
oil and natural gas.
PNE 2050 [2] informs that Brazil has two nuclear plants (Angra I and Angra II) in
operation and one under construction (Angra III), with commercial operations scheduled
to begin in January 2026. Despite the challenging conditions for thermonuclear
generation in the world and in Brazil, with uncertainties about the use of its potential, the
PNE 2050 [2] considers that there are also new perspectives for nuclear energy associated
with its role in a scenario with significant carbon restrictions and high participation of
sources non-dispatchable renewable sources, as well as the development of new
businesses (including in the electricity sector) and other applications of nuclear
technology. PNE 2050 [2] analyzed the effects on the profile of the electrical matrix of a
more significant entry of thermonuclear plants by carrying out simulations with the entry
of 8 GW and 10 GW on the horizon of PNE 2050. It is a great irrationality for PNE 2050
to admit the possibility of using 8 GW and 10 GW thermonuclear plants within the PNE
2050 horizon under the false argument that it is clean energy. It is absurd to admit the use
of nuclear power plants without considering the disasters that occurred in Chernobyl and
Fukushima.
It is absurd that PNE 2050 [2] does not consider the adoption of strategies aimed at saving
energy with the implementation of measures to encourage energy efficiency in industry,
transport and residential and commercial buildings in cities and in the area rural. It is also
absurd that PNE 2050 [2] does not consider the adoption of measures to avoid “blackouts”
in the national interconnected system. The opinion of many experts is that something
needs to be done in the electricity sector in order to make it safer and less susceptible to
the “domino effect”. The dominant opinion among experts is that the solutions consist of
decentralizing and diversifying the system, as well as increasing the redundancy of the
protection system because a dual protection system is missing. Other countries that have
managed to efficiently interconnect the electrical grid, such as Spain, have decentralized
energy sources. In Spain, a lot of wind energy is used, for example. There are more than
10,000 wind energy sources spread across Spain. Therefore, the vulnerability of the
system decreases. In Brazil, in addition to wind power plants, photovoltaic solar power
plants and green hydrogen could be used.
When the electrical system is interconnected in a ring, like the Brazilian one, there is a
great interdependence of the regions. Therefore, when there is a failure, it can be felt in
several other regions. In interconnected systems like Brazil's, it is possible to make the
most of the capacity of a hydroelectric plant. That's the good side. But the bad side is that
when one system fails, it overloads all the others, causing the “domino effect”. Thus,
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receiving smaller amounts  of energy from different sources of lower power, that is,
instead of building large projects, such as Itaipu, which generates most of the country's
energy, and Belo Monte in the Amazon, the best, safest and most Effective would be to
create small plants that supply little, but which, together, total many MW, completing
Brazil's consumption needs.
To face future “blackouts”, the Brazilian government should also invest in the
construction of redundant production lines and systems, which would function as a type
of “reserve” to the existing interconnected system, especially in its most vulnerable areas.
Operating the SIN (National Interconnected System) with maximum reliability or security
and at the lowest cost is an increasingly greater challenge in Brazil. Without adopting this
set of solutions, we will be threatened with suffering new “blackouts”. It should be noted
that the purpose of every electrical system is to generate, transmit and distribute electrical
energy for various applications. The guarantee of electrical energy supply can be
increased if the electrical system is designed with an efficient and effective protection
system, including its duplication, which increases its reliability in the electricity supply,
competent maintenance service that minimizes the occurrence of failures in its operation,
alternative circuits for supplying the load and reserve capacity.
Regarding the electrical system protection system, it consists of protective equipment that
must only act in the area in which it is to act, that is, they must be located at convenient
points on the electrical network to guarantee the minimization of interruptions in the
supply power. Protective equipment must be properly coordinated with each other so that
each of them operates within the programmed time. The spread of a “blackout” can
happen if protective equipment is not properly coordinated. This situation may have
occurred in the recent “blackouts” that occurred in Brazil. If the electrical system
protection system in Brazil were doubled, the chance of a “blackout” occurring would be
significantly reduced, given that if one protective equipment fails, the other would be
activated to prevent the problem from spreading.
Measures should be considered in PNE 2050 regarding the maintenance service of the
electrical system to combat “blackouts” such as those that recently occurred in São Paulo
and other regions of Brazil. Deficiency in the maintenance of the electrical system was
decisive for the occurrence of blackouts and the very long time required to restore service.
It is worth noting that maintenance consists of the set of activities and resources applied
to systems and equipment, aiming to guarantee the continuity of their operation. In this
wide-ranging definition, maintenance is characterized as a process that must begin before
the acquisition of equipment or system and whose main function is to extend its useful
life.
It is worth noting that there are five different types of maintenance services: Corrective
Maintenance, Preventive Maintenance, Predictive Maintenance, Total Productive
Maintenance (MPT) and Reliability Centered Maintenance (MCC). According to
Standard NBR 5462 (1994), corrective maintenance aims to correct failures in equipment,
components, modules or systems, aiming to reestablish their function. This type of
maintenance normally involves high costs for electricity supply companies and their
consumers, especially industries, as unexpected failure can lead to production losses and
a drop in revenue. Shutdowns are almost always longer and insecurity requires high
stocks of spare parts, with increased maintenance costs.
Unlike corrective maintenance, preventive maintenance seeks to avoid and prevent failure
before a failure actually occurs. The NBR 5462 (1994) definition for preventive
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maintenance is “maintenance  carried out at predetermined intervals, or in accordance with
prescriptive criteria, intended to reduce the probability of failure or degradation of the
functioning of an item”. In turn, predictive maintenance can be considered as an evolved
form of preventive maintenance. With the improvement of information technology, it has
become possible to predict possible fault diagnoses, through the analysis of certain
parameters of production systems. Through systematic monitoring of the variables that
indicate the performance of the equipment, the need and timing of intervention is defined.
Predictive maintenance requires a large volume of initial resources, both human and
material, and highly qualified and trained labor.
Total productive maintenance (TPM) originated in total quality programs that encourage
operators to participate in self-management of their workplace. The main objective of
these actions is to increase equipment efficiency, reducing operating costs. The work does
not only take place in repairs, but also with the operator and in the management of the
equipment, aiming to eliminate all losses. Reliability-centered maintenance (MCC) is a
new methodology applied in several sectors such as nuclear submarines, electrical
industry, civil construction, chemical industry, steel industry, etc. At MCC, maintenance
objectives are defined by the functions and performance standards required for any item
in its operational context and its application is a continuous process, and must be
reevaluated as operational experience is accumulated.
Certainly, one of the causes of “blackouts” in the Brazilian electrical system concerns
maintenance problems, a fact that makes the adoption of preventive maintenance,
predictive maintenance, total productive maintenance (MPT) or reliability-centered
maintenance (MCC) a requirement in accordance with what is described above. In
addition to adopting adequate maintenance for the Brazilian electrical system, it is
essential to implement emergency energy supply systems, with the use of thermoelectric
plants, wind farms and the use of hydrogen as a source of electricity in critical areas such
as those where locate industrial parks and large cities that would be triggered by the
occurrence of “blackouts” in Brazil’s interconnected electrical system. This procedure
would be similar to that adopted in hospitals where emergency generating sets supply
critical areas such as ICUs and surgical centers. Another essential measure would be the
duplication of circuits, especially the transmission trunk lines that supply critical areas.
According to PNE 2050 [2], the advancement of oil and natural gas exploration beyond
200 nautical miles is considered an opportunity for the development of the oil sector in
the country. It is projected that petroleum derivatives, such as diesel oil and aviation
kerosene, have growing demand until 2050. The expansion of the supply of petroleum
derivatives and the expansion of the infrastructure for moving these products to meet
domestic demand present challenges in the long term. According to PNE 2050 [2], the
growing concern about global climate change and, mainly, local pollution, requires that
refineries operate in an increasingly efficient way from an energy point of view and that
their products meet stricter specifications regarding the presence of contaminants. It is
absurd not to consider the progressive reduction in the production and consumption of
petroleum derivatives in Brazil by adopting effective measures as a contribution to
reducing greenhouse gas emissions. The great irrationality of PNE 2050 [2] lies in the
fact that it considers the expansion of the supply of petroleum derivatives and the
expansion of the infrastructure for the movement of these products to meet growing
internal demand, compromising the fight against global climate change. PNE 2050 [2]
only proposes improving the efficiency of refineries to combat pollution. It is necessary
to ensure that Petrobras stops being one of the environment's villains and becomes its
defender.
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It is absurd  that PNE 2050 [2] does not consider the adoption of measures that make
Petrobras change its mission from producing oil and its derivatives and natural gas to
producing clean and renewable energy such as solar, wind and hydrogen green. This
action is absolutely necessary given that the currently proven oil reserves are expected to
last for at least another 50 years. While several major oil companies in the world have
invested in renewable energy and some are already starting to gradually cut their oil
production, Petrobras plans to increase its oil production by 45% by 2026. The fact is
that, if the decision to prioritize oil has proven profitable in a scenario in which global
demand for fuel is still high, in the future, the strategy could be costly not only to
Petrobras but also to Brazil, which runs the risk of seeing its largest company wither away
on a planet that is increasingly less dependent on fossil fuels because there is a consensus
among scientists that, to slow the pace of global warming, humanity needs to drastically
reduce the use of fossil fuels, such as oil and coal, in the coming years.
Instead of reducing oil and natural gas production in Brazil, Petrobras announced in its
five-year plan, released in 2021, that it intends to inaugurate 15 new oil platforms by
2026, when it hopes to increase its production from the current 2.2 million barrels per day
to 3.2 million with an increase of 45% [3]. Today Petrobras is the fourth largest oil
producer in the world. The first three are Saudi Arabia's Saudi Aramco (9.2 million
barrels/day), Russia's Rosneft (4.1 million barrels/day) and China's PetroChina (2.5
million barrels/day). Much of the increase in Petrobras' production will take place in wells
in the pre-salt region, which already accounts for 70% of the oil extracted by the company
and is home to the majority of unexplored reserves in Brazil. This Petrobras oil and
natural gas production policy does not help combat global warming and the resulting
global climate change, which tends to be catastrophic.
Based on the above, Brazil's National Energy Plan (PNE 2050) deserves applause for
increasing the use of renewable energy sources (hydroelectric, biomass, wind and solar)
in the country's energy matrix and is reprehensible to consider in the expansion plan of
the electrical sector the use of mineral coal, natural gas and nuclear energy, given that
natural gas and mineral coal contribute to the emission of greenhouse gases, the
implementation of nuclear power plants implies risks that should be avoided and not
considering the use of green hydrogen as an effective alternative to be used to replace
fossil fuels. It is also reprehensible not to consider the adoption of strategies aimed at
saving energy with the implementation of measures to encourage energy efficiency in
industry, transport and residential and commercial buildings in cities and rural areas, as
well as not proposing the adoption of measures to avoid “blackouts” in the national
interconnected system. The great irrationality of PNE 2050 lies in the fact that it does not
propose a progressive reduction in the production of oil and its derivatives and natural
gas, on the contrary, consider expanding the supply of petroleum derivatives and
expanding the infrastructure for moving these products to meet growing domestic
demand, compromising the fight against global climate change.
Considering the fact that the Brazilian energy matrix contains 52% of non-renewable
energy sources (oil and derivatives, natural gas, mineral coal, nuclear and other non-
renewable sources) and 48% of renewable energy sources (derived from sugarcane, sugar,
hydraulics, firewood and charcoal, wind and solar and other renewables) [4], the National
Energy Plan (PNE 2050) should be revised to progressively reduce the share of non-
renewable energy sources, especially oil , mineral coal and nuclear. Figure 1 shows the
composition of the Brazilian energy matrix.
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Figure 1- Brazilian  energy matrix
Source: https://www.epe.gov.br/pt/abcdenergia/matriz-energetica-e-eletrica
The best way for the Brazilian government, chaired by Luiz Inácio Lula da Silva, to
demonstrate that it is effectively committed to the fight against global climate change is
to review the National Energy Plan 2050 (PNE 2050) to avoid the increase in national
production of mineral coal, oil and natural gasand the use of nuclear power plants, to
transform Petrobras into a company that produces clean and renewable energy and to
promote a vigorous national energy saving program. It is not enough to avoid the
devastation of our forests, especially the Amazon, to combat global climate change, which
tends to be catastrophic.
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