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Executive Summary

This article is part of the effort to
monitor socioenvironmental and cli-
mate policies in Brazil, carried out by
the Institute of Socioeconomic Stud-
ies (Inesc). It presents an analysis be-
tween the energy adaptation plans
and the fulfillment of climate targets
voluntarily adopted by the country
under the Paris Agreement (2015). Im-
provements, risks and limitations of
the trajectories proposed for electrical
and energy expansion are addressed,
based on the 10-year Energy Expan-
sion Plan, PDE 2030, and the National
Energy Plan, PNE 2050.

From the PDE 2030 and PNE
2050, it becomes possible to identify a
scenario that is close to stability, with
respect to the supply of non-renew-
able and renewable energy in the Bra-
zilian national electricity system. Both
documents project a diversification of
the electrical matrix, with a decrease
in hydroelectric and thermal capacity.
In addition, there isan increase in elec-
tricity generation through wind sourc-
es and self-production with distrib-
uted generation of renewable energy
(80% solar).

Distributed generation is done
in different points through generator
systems that are close to the consum-
er unit (houses, companies, and in-
dustries) and connected to the public
electricity grid. This system is seen as
an alternative to large structures, such
as hydroelectric power plants, which
trigger significant socio-environmen-
tal impacts. However, it contrasts with
the centralized model in the produc-

tion and distribution of electricity, that
has historically been the way to go in
Brazil. Thus, the expansion of distrib-
uted generation requires adjustments
to the current norms and regulations,
and tests for new and different scenar-
ios in order to assess the opportunities
for even greater growth.

In both documents, the decrease
of oil and its derivatives in the composi-
tion of the electrical matrix is now offset
by the expansion of natural gas. In ad-
dition, the drop in supply of sugarcane
products is offset by a greater pres-
ence of other renewable sources, such
as wind and solar energy, soy biodiesel
and black liquor. The introduction of soy
as a raw material for the manufacture
of biofuels triggers a warning from a
socio-environmental and climatic point
of view, which involves issues such as
ecological risks due to the expansion
of cultivation areas, the transformation
of food crops into energy production
crops, and the approaches that have
been proposed on environmental li-
censing as a way to enable new busi-
nesses in the energy sector.

Environmental licensing stands
out as an urgent matter. However, the
aforementioned documents interpret
it in a simplistic way, as a factor for
the loss of competitiveness for hydro-
electric generation. Along these lines,
it is well known that none of the en-
ergy plans can produce an integrated
analysis between the sector and the
socio-environmental consequences
caused by it, considering macro-re-
gions and biomes in the country. As a



result, potential impacts of the choic-
es related to the energy matrix are
minimized, particularly in the north-
ern region of Brazil. The National Bill
3729/2004, which aims at deregulating
the current environmental licensing
standard, is proceeding in the Nation-
al Congress, in line with the vision ex-
pressed by both the PDE 2030 and the
PNE 2050.

With regard to greenhouse gas
emissions, the projections proposed
by both documents are consistent
with the climate targets established
for the national energy policy in rela-
tion to both the National Policy on Cli-

mate Change (PNMC, Law N. 12187 /
2009) and the Paris Agreement. In the
ten-year horizon, the carbon portion
of the energy supply remains stagnat-
ed, decreasing in relation to the gross
domestic product (GDP). In the medi-
um- and long-term projections, there
is a trade-off between the reduction of
accumulated emissions from 2015 to
2050 and higher costs for updating the
power matrix. Even so, the option for a
clear trajectory of electrical expansion
proves to be technically and econom-
ically viable, leaving the Brazilian gov-
ernment with the task of proposing
better coordination between the ap-
propriate decision-making entities.



This study aims to explore the trajecto-
ries of electrical and energy expansion
(electricity and fuels) in Brazil and the
intentions expressed by the Brazilian
government to establish additional
measures related to the energy sector
within the scope of the commitments
defined by the country (NDC-Brazil)'.
The year of 2005 is the reference line
for this study, and the following goals
(extracted from the National Policy on
Climate Change, PNMC, Law N. 12.187)
form its specific objectives:

“Brazil intends to adopt addition-
al measures that are consistent
with the objective of 2 C of tem-
perature, in particular:

i) Increase the share of sus-
tainable biofuels in the Bra-
zilian energy matrix to ap-
proximately 18% by 2030,
through (i) the expansion
of biofuel consumption, (ii)
increase in ethanol supply,
(iii) increase in the share of
advanced biofuels (second
generation) and (iv) increase
in the share of biodiesel in
the diesel blend;

ii) Achieve 45% of renew-
ables in the energy matrix by
2030, including:

- Expansion in the use of re-
newable energy sources, not

1 For more details, check : https:/Mwww4.unfccc.int/sites/
ndcstaging/PublishedDocuments/Brazil%20First/%20
1%20eBRAZILNDCNglish%20FINAL.pdf

including hydroelectric, in
the total energy matrix, aim-
ing 28% to 33% by 2030;

- Domestic expansion in the
use of energy sources from
non-fossil fuels, increasing
the share of renewables
(other than hydroelectric) in
the energy supply to at least
23% by 2030, including an in-
crease in the share of wind
power, biomass, and solar
energy;

-Achieve 10% efficiency gains
in the electricity sector by
2030".

In terms of scope, the study is not lim-
ited to monitoring the national inten-
tions mentioned above. There is also
an effort to bring forward the improve-
ments, risks and limitations of the tra-
jectories proposed for the electrical
and energy expansion based on two
lines of analysis: (i) the 2030 reference
scenario of the Ten-Year Energy Ex-
pansion Plan (PDE 2030) and (ii) the
different scenarios of electrical expan-
sion elaborated within the scope of the
National Energy Plan (PNE 2050).



The Ten-Year Energy Expansion Plan
(PDE)? is an information document
aimed at the entire society. Its aims to
indicate prospects for the expansion of
the energy sector in a ten-year horizon,
within an integrated approach with
the various types of electricity sourc-
es. Through this document, it is possi-
ble to extract important elements for
the planning of the energy sector, also
allowing a process of consultations
about the sector’s future.

According to the PDE 2030 refer-
ence scenario, final energy consump-
tion should show an average growth
of 2.8% per year, a trajectory close to
that of gross domestic product (GDP),
which would grow 2.9% per year. In
this measure, the industry and trans-
port sectors remain the most relevant,
representing 65% of final energy con-
sumption in 2030.

In industry, the average sector growth
should be 2.2% per year, with emphasis
on the sectors of primary goods and in-
termediate products for fertilizers and
pesticides, along with paper and pulp,
mining and pelletizing, in addition to
the highest demanders of electricity,
such as the chlor-alkali sector and alu-
minum manufacturers. Such an evolu-
tion would be much more due to the
reduction of idle capacity than to a vig-

2 Document available at: https://www.epe.gov.br/sites-pt/
publicacoes-dados-abertos/publicacoes/Publicacoe-
sArquivos/publicacao-538/PDE%202030_EnvioMME_rv2.
pdf

orous expansion of productive capaci-
ty. The few changesin the participation
of energy sources refer to a greater rel-
evance of those with low emissions of
greenhouse gases, including electrici-
ty and sugarcane derivatives.

In the cargo transport sector, road
transport remains a major player, de-
spite the advancement of rail trans-
port, whose energy efficiency per ton
transported is much higher. Cargo
transport activity, the segment least
affected by the Covid-19 pandemic, is
expected to increase by 3.6%. In this
way, diesel maintains its prominent
role as a fuel by representing 35% of all
energy demand in the transport sector
in 2030. The demand for Ethanol fuel
(anhydrous and hydrated) is expected
to grow 3.7% per year, reaching 42.7
billion liters in 2030.

The highlight is on account hydrated
ethanol, whose share in the transport
sector should rise from 14% to 16%, to
the detriment of gasoline C, whose
share is expected to drop from 32% to
25%. The increase in competitiveness
for hydrated ethanol compared to gas-
oline would be due to the improve-
ment of production factors, driven by
mandatory decarbonization goals to be
assumed by fuel distributors, based on
the national biofuel policy - RenovaBio®.

Biodiesel also stands out, since the
demand for this type of fuel is expect-
ed to grow 5.8% a year due to the new
mandatory concentration in the die-

3 Law 13576, December 26, 2017.



sel blend, which will be 15% biodiesel
from 2023.

Electricity’'s share of energy demand
is expected to rise by 2% over the PDE
2030 range, driven mainly by the res-
idential sector, whose demand grows
by an average of 3.5% per year. Overall,
total electricity consumption is expect-
ed to grow 1% more than the Brazilian
economy, ratifying the national electri-
fication trend.

For the first time, the PDE 2030 ref-
erence scenario incorporates alterna-
tives for energy expansion through
solid urban waste, floating photovol-
taic plants and modernization of the
existing hydroelectric infrastructure.
Elements are also brought to discuss
the integration between the sectors of
electricity and natural gas, and simu-
lations of the feasibility of energy stor-
age in distributed generation.

The document also projects the ex-
pectation that, by 2030, oil production
will reach 5.3 million barrels/day, some-
thing close to double the number reg-
istered in 2019, with production units
located in ultra-deep waters expected
to account for 84%. At the end of the
decade, Pre-salt will probably be re-
sponsible for 79% of Brazilian national
production, with a strong participation
of the Santos basin. On the other hand,
oil products will continue to have gains
in relation to final energy consump-
tion, motivated mainly by the use of
diesel in heavy vehicles. Regarding
internal energy supply, its share is ex-
pected to fall 3% by 2030.

In this way, Brazil will consolidate its
status as an oil exporter and will re-

main a net importer of oil products
throughout the PDE, with an empha-
sison imports of naphtha, aviation ker-
osene and diesel.

Within the scope of the “Novo Merca-
do de Gas" Program* (freely, New Gas
Market), recent studies on the possi-
bilities of increasing the share of pre-
salt natural gas (NG) have identified
the current flow infrastructure and the
need for a steady demand as the main
obstacles to its use.

The production of NG will reach a peak
of around 183 million m3/ day around
2028 and its participation in the internal
energy supply will grow 3% until 2030.
The most relevant basins to reach this
peak are Santos, Campos, Solimdes and
Parnaiba, with the first two being re-
sponsible for 85% of the supply forecast
for 2030 and significant production in
the pre-salt. The price of NG from lig-
uefied natural gas (LNG) will be affect-
ed by the international market, with its
logic changed from a gas-oil to gas-gas
competition (regasification of import-
ed LNG against pre-salt NG).

A steady demand becomes even more
relevant in the case of NG, since its con-
sumption is associated with the pro-
duction of oil through its reinjection
in the wells. The increase in demand
also depends on the involvement of lo-
cal gas distribution companies, many
of them under the control of the state
governments or Petrobras itself.

In light of the increase in the share of
renewables in the energy matrix, and
considering the context, the highlight
is on account of biodiesel, as previous-

4 Bill 4476, 2020 (Regulatory Framework for Gas, Federal
Senate).



ly mentioned. It is estimated that the
biodiesel offer may double in the pe-
riod determined in the PDE. Soybean
oil keeps its leadership as the main raw
material used to obtain biodiesel in
Brazil, with emphasis on the increase
ininstalled capacity in the central-west
region of the country. The total supply
of ethanol is expected to reach 46 bil-
lion liters, 75% of which is related to hy-
drated ethanol. The production of corn
ethanol may show remarkable growth
in the considered period, reaching 5.7
billion liters in the projected scenario.

The electricity generation matrix has
undergone a profound transformation
in the country. While at the beginning
of the century the share of hydroelec-
tric generation accounted for 90% of
total electricity generation, at the end
of the decade this percentage should
drop to 60%. At the same time, reser-
Voir capacity - how much energy can
be stored in the form of water to supply
the demand - was just over six months
in 2001, and today is close to half that
time, thanks to the expansion through
large run-of-the-river plants located
on the Amazon floodplain.

The reduction in hydroelectric partic-
ipation has been accompanied by an
expressive development of variable re-
newable sources, which have proved to
be increasingly competitive, especially
wind power and photovoltaic plants. In
this context, the PDE 2030 states that
hydroelectric plants and the National
Interconnected System (SIN) - which
should be expanded to support more
frequent exchanges between regions

in the country - would uphold the ex-
pansion of new renewable sources,
with natural gas thermoelectric plants
acting as a complementary source in
times of greatest need.

In order to promote greater security
and systemic flexibility, according to
the growth of renewable sources, and
in a context of centralized generation,
the PDE 2030 brings some important
advances for the current hydroelectric
plants, as follows:

a) the need to discuss a new re-
sponsibility (and related regula-
tions) to operate and remunerate
the existing hydroelectric gener-
ation, characterized by strategic
reservoirs, in order to provide a
flexible and modular power re-
serve to the interconnected sys-
tem and

b) make adjustments in regula-
tion to stimulate investments in
the modernization of existing hy-
droelectric plants and dams, an
initiative known as repowering,
which consolidates a thesis raised
by civil society more than a de-
cade ago.®

The role of the thermoelectric plants
mentioned above, in particular, the
way they will be incorporated into the
Brazilian electricity system, has a direct
impact on the greenhouse gas emis-
sions of the country’s electricity sector
and on the performance of Pre-salt
natural gas in the New Gas Market®.

5 See: http://www.investidorinstitucional.com.br/sessoes/
gente/ponto-de-vista/5392-66-revistainvestidorinstitucio-
nal-4724.html

6 See item 9. The “if-then” scenarios for GHG emissions
from the electricity sector



The discussions on the valuation of
the attributes of the different sourc-
es, in the context of integration or
“hybridization” between them, and
on the subsidies to the so-called en-
couraged sources (wind power, solar

power, small hydroelectric plants and
biomass) and the micro and mini-dis-
tributed generation (MMDQ) are tak-
ing place within the scope of modern-
izing the electric sector and adjusting
norms and regulations’.

What is micro-generation and mini-generation?

According to the Brazilian National Electric Energy Agency (ANEEL), mi-
cro and mini-generation of electricity is the process that allows users to
install small generators from renewable sources in their home, compa-
Ny or other type of consumer unit. Electricity can be generated using so-
lar power, wind power, hydroelectric, biomass and qualified cogenera-
tion. The energy generated in a month is deducted from the amount of
energy consumed, providing a reduction in the customer’s energy bill.

- Distributed micro-generation: installed power of up to 75 kW.

- Distributed mini-generation: installed power greater than 75 kW and

less than or equal to 5 MW.

Source: EPE website

There is a debate about the suspension of subsidies to encouraged sources. Ac-
cording to an analysis by the Energy Research Company (EPE), the loss of these
subsidies would not affect the competitiveness of these sources among each
other or with other sources. On the other hand, these subsidies have put pressure
on the Energy Development Account (CDE), funded exclusively by the regulated
market, at a level around 7% of its average tariff.

At the same time, the migration of consumers to the free market has been stimu-
lated by increasingly lower entry barriers in terms of charge® which further burdens
the ones left in the regulated market, characterized by being smaller consumers.

7 Highlighting MPV 998, December 18, 2020, and PLS 232/2016.

8 For more details, see: https://www.in.gov.br/en/web/dou/-/portaria-n-465-de-12-de-dezembro-de-2019.-233554889



Free and regulated electricity markets in Brazil

Energy trading in Brazil is carried out in two market spheres: the Regulated Con-
tracting Environment (ACR) and the Free Contracting Environment (ACL). All con-
tracts, whether ACR or ACL, must be registered with the CCEE and serve as a ba-
sis for accounting and settling differences in the short-termm market. Understand
the difference between the two environments in the comparative table below:

Free Environment

Generators, traders,
Participants free and special
consumers

Free negotiation
Contracting between buyers and
sellers

Agreement freely
Type of contract established between
the parties

Agreed between

Price
buyer and seller

Regulated Environment

Generators, distributors and
traders. Trader companies can only
negotiate energy at existing energy
auctions - (Ajuste and A-1)

Conducted through energy
auctions promoted by CCEE, under
the delegation of Aneel

Regulated by Aneel, called the
Electric Energy Trading Contract
in the Regulated Environment
(CCEAR)

Established at auction

Source: CCEE - Chamber of Electric Energy Commercialization website

According to PDE 2030, it is estimat-
ed that the contribution of Distributed
Energy Resources (DER) may account
for 19% of electricity consumption by
2030. From this amount, self-produc-
tion would be responsible for 9.7%,
MMDG would represent 4.6% and effi-
ciency gains would be 4.1%. In addition,
the consumption of a small portion of
solar thermal energy is expected.

Distributed Energy
Resources (DER)

Distributed Energy Resourc-
es are electric energy gener-
ation or storage technologies
located in an area close to
consumer units.



In the industry, the main form of
self-production is cogeneration, taking
into account that the yield is signifi-
cantly higher from the combination of
thermal and electrical energy. In the
ten-year horizon, it is estimated that
the self-production modality can re-
duce total electricity consumption by
about 10% in sectors such as steel, pulp
and paper, petrochemicals, refining,
sugar and ethanol, among others.

Regarding electrical efficiency, the
most relevant results come from the
building sector, with emphasis on the
residential and services sector, whose
increase can reach 10%.

Although there is a remark about the
importance of energy efficiency in the
transport sector, the PDE's analysis of
potential increases is quite limited.

On the one hand, there is talk of in-
dividual gains through technological
advances in engines or new technolo-
gies, and cultural changes in individual
transport. On the other, potential gains
in systemic efficiency are mentioned,
such as the migration to collective ur-
ban transport, or from road transport
to more efficient means, such as rail-
ways and waterways.

All these changes were part of the PDE
2030 reference scenario, but there is
no clarification as to what future sce-
narios would serve as starting points
for implementation.

Actually, the analysis on efficiency im-
provements for transportation is based
on the premise that the individual and
systemic gains observed in 2019 will be
repeated over the PDE's horizon, with-
out any mention of qualitative chang-
es along the way. With this simplistic

approach, the increase in energy con-
sumption efficiency in the transport
sector would be 5.7% with or without
individual gains and 17.3% with or with-
out systemic gains.

Alternatives such as cabotage - for
which economic incentives are dis-
cussed under the BR do Mar Program
- or significant investments in new rail-
ways - which are part of the National
Transport Logistics Plan (PNLT), pre-
pared by the Logistics Planning Com-
pany (EPL) - were not even mentioned,
revealing lack of integration among
the various sector planning initiatives
within the government.

This also hinders the qualitative analy-
sis of electric efficiency gains, which in-
volves several other economic sectors
and classes of consumers for whom
the electricity sector provides energy.

In 2019, the installed capacity of dis-
tributed photovoltaic technology was
increased by 1.5 GW, a power similar to
thatofthe Angrall nuclear plant, falling
short only of the hydroelectricity add-
ed capacity. Although the Sars-Cov-2
pandemic slowed down new installa-
tions in 2020, the market continued to
develop until it surpassed an accumu-
lated installed capacity of 3 GW.

The high electricity rates for the
end-consumer, the good performance
of solar power as an alternative in the
country - responsible for more than
80% of the distributed generation in-
stallations - and a credit compensation
model, which reduces costs of the dis-
tribution and transmission fees, made
self-generation a very profitable in-



vestment in Brazil. This fact ended up
attracting not only residential consum-
ers, but also large retail chains, banks
and industries, making them bet on
MMDG systems for consumption and
local or remote compensation.

The high growth of MMDG systems
ended up putting in doubt the sus-
tainability of its regulation, which is
part of ANEEL REN Normative Resolu-
tion No. 482/2012. This is because the
amounts not paid by MMDG end up
being passed on to other consumers
through tariff reviews for distributors,
harming the vast majority of custom-
ers in the regulated market.

Thus, PDE 2030 prepared two refer-
ence scenarios for its evolution consid-
ering the uncertainty related to the fu-
ture of the compensation mechanism
and the low voltage fee model, which
will affect the incentives for MMDG, as
follows:

- Summer Scenario: maintenance of
significant incentives for MMDG. As
of 2022, the distribution portion of the
compensation mechanism (Wire B)
would be withdrawn, while the use of
transmission (Wire A), charges, losses
and the energy portion would be kept.
From 2026, MMDG systems would be
subject to a binomial tariff, which in-
cludes the distribution and transmis-
sion portions.

- Spring Scenario: withdrawal of fiscal
incentives, securing moderate growth
for the MMDG system. In 2022, new
rules would come into force, making
only the energy portion of the tariff el-
igible for compensation, since, in that
same year, the application of the bino-
mial tariff would also occur.

Scenarios for MMDG in 2030:

In 2030 Summ.er Sprlng.
Scenario Scenario

Installed

power 245GCGW 16,8 GW

capacity

Energy average average

generated 4.3 GW 29 GW

(o)

% of total 4.6% 32%

charge

Fonte: Minuta para consulta publica do PDE 2030

To promote autonomy and flexibili-
ty in MMDG and given the regulatory
framework, the use of batteries is al-
lowed, with three different possibilities
within the PDE horizon:

i. Greater autonomy of distributed
micro-generation, with increased
self-consumption;

ii. Consumption displacement,
considering residential hourly
rates® and

iii. Consumption Displacement at
high voltage.

In the three scenarios mentioned
above, the advantages of investing in
batteries depend on the consumption
profile and the balance of credits and
debits between the distributor and the
independent consumer, known as “net
metering”. In this sense, the simulation

9 Also known as white rate, an optional modality for
low-voltage consumers.



developed by EPE, within the scope of
PDE 2030, used real data from 15 con-
sumers of distributed generation.

For a consumption profile that re-
quires greater autonomy (for example,
high consumption during peak hours
or at night), the subsidies that regulate
the compensation of credits related
to energy received from the grid (REN
482/2012) discourage a greater degree
of MMDG's autonomy, that is, they do
not serve as an incentive for invest-
ments in batteries in order to increase
self-consumption.

However, there is an expectation that
this regulation will be revised, in or-
der to bring the network consumption
tariff (distributor credit) closer to the
credit compensation tariff by the au-
tonomous consumer, making self-con-
sumption more attractive.

Anyway, given this new regulatory sce-
nario, investment in batteries would be
inviting only at prices around BRL 500/
USD per 92 kWh. Currently, the value is
in the range of BRL 4,500/USD 826 per
kWh. With the expected reduction of
8.3% per year, it would drop to around
BRL 2,000/USD 368 per kWh in 2030,
The expected reduction in the global
cost of batteries is due to changes in
the technological scenario, as well asin
the market (scale of production), and
can be stimulated by a policy of local
battery production or the reduction of
its import fees, an addressed further in
this document™.

10 For more details, see: https://www.researchgate.net/
publication/330269949_Projecting_the_Future_Lev-
elized_Cost_of_Electricity_Storage_Technologies/
link/5c4059d5299bf12be3cel19d/download

11 All currency rates in this document consider current
values for March 2021, with USD 1 corresponding to BRL
5,45.

In the case of displacement of con-
sumption with white tariff, the picture
would be similar, with the battery price
ranging between BRL 500/USD 92 per
kWh and BRL 1,000/USD 183 per kWh.

In high voltage, which has had a
horo-seasonal tariff for a long time,
several commercial and industrial
consumers resort to diesel power gen-
erators to avoid high peak hour rates.
According to an analysis by the En-
ergy Research Company (EPE, 2015),
there are about 9 GW of generators
of this nature operating daily in Bra-
zil during peak hours (for three hours
on working days). This means three
times more than the installed capaci-
ty of diesel generators in isolated sys-
tems in the Amazon.

Thus, the use of batteries could occur
through storage of electricity purchased
in the most favorable period (off-peak)
to supply the internal demand during
peak hours, replacing the existing diesel
generators. With a drop in battery costs,
it is expected that they will become vi-
able so that consumers subject to the
horo-seasonal tariff (Group A"?) can per-
form hourly charge management.

On the other hand, results from a sim-
ulation indicate that diesel generation
would remain more attractive than the
storage solution, unless the battery
costs between BRL 500/USD 92 per
kWh and BRL 1,000/USD 183 per kWh.

Apparently, such a simulation dis-
regards the cost of greenhouse gas
(GHG) emissions from diesel genera-
tion. This reflects one of the greatest
difficulties in controlling emissions in

12 Consumer units receiving power at a voltage equal to
or greater than 2300V.



the energy sector, the lack of signaling
the cost of GHG emissions to society.

Anyway, some results of the analysis
on the attractiveness of batteries pre-
sented so far must be analyzed.

The calculations were made for a few
consumers, based on current electrici-
ty rates adjusted for inflation. A specific
consumer profile or a different trajec-
tory for tariffs can change the perspec-
tive of the analysis. On the supply side,
the lithium-ion battery market is still
quite narrow. Any change in this sce-
nario, such as local production, can
change the cost and, therefore, the ap-
peal of batteries.

Battery production in Brazil is limited
to a plant recently opened at the Free
Economic Zone of Manaus. However,
this facility meets the manufacturer’s
demand, whose business also involves
assembling electric buses. For all oth-
er cases, the solution is to import bat-
teries that are subject to a tax corre-
sponding to around 80% of their final
cost, according to market data. In other
words, in an import tax exemption sce-
nario, the price of batteries would be
around BRL 2,500/USD 456 per kWh or
between BRL 1,000/USD 183 per kWh
and BRL 1,500/USD 276 per kWh over
the decade.

This point brings back the question of
integration between different govern-
ment sectors. In addition to planning
for energy expansion, there should be
economic policies for the empower-
ment of consumer producers (known
as “prosumers”) through autonomous
and flexible MMDG systems, with en-
ergy storage. This, however, requires
integration of the energy policies and
industrial policies in Brazil.

Such systems would enable a more ef-
ficient management of MMDG, which
would mitigate the demand of cen-
tralized generation for public use, for
example, during peak hours. This gain
in efficiency by MMDG would also rep-
resent a reduction in emissions from
the Brazilian electrical system, since
the thermoelectric plants, which use
fossil fuel, would be less used during
peak hours.

Considering the evolution of the en-
ergy supply in the period of ten years
until 2030 (table below), renewable
sources will grow less than non-renew-
able sources, although other renew-
able sources (wind, solar, biodiesel and
black liquor) are expected to grow on
average 6.9% per year. On the non-re-
newable side, it is worth mentioning
the growth of uranium and its deriva-
tives, with the forecast for the start of
the Angra 3 operation and the rise of
natural gas.



The evolution of internal energy supply over the 10-year horizon
(in millions of tons of oil equivalent)

SOURCES 2021 % 2025 % 2030
Non-renewable 148108 51 162.648 50 190.134
energy

Oiland petroleum g9 24 102020 32 116.050
products

Natural gas 33.101 11 40.196 12 49.903
Coal and derivatives 13.476 5 14.420 4 15.799
Uranium and 3688 1 3900 1 6.910
derivatives

Other non- 1053 0 121 0 147
renewable sources

Renewable energy 140.302 49 160.391 50 178.716
Hydraulic and 38398 13 43682 14 46275
electricity

Firewood and 24260 8 26425 8 26465
charcoal

Sugar cane 53880 19 59039 18 64193
derivatives

Other renewable ;- -, g 21245 10 41782
sources

TOTAL 288.410 100 323.039 100 368.850

Source: PDE 2030 public consultation draft

%

52

31

14

48

13

17

I

100

Variation
2021-
2030

(% p.a.)

3,1

2,4

4,7

2,5

6,4

3,6

2,8

2,2

1,0

2,0

6,9

3,0

A The composition of the energy supply by source would therefore be illustrated
as below. In summary, on the non-renewable side, the loss in the percentage of
oil and petroleum products is offset by the gain in natural gas. On the renewables
side, the highlight is the increase in the percentage of other renewables and the
relative loss of sugarcane products.
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0%

Source: PDE 2030 public consultation draft

Hydraulic power and electricity, in turn,
maintain their participation in the ma-
trix by sources. Basically, this is due to
the proposal to repower existing plants,
since, despite the reference scenar-
io envisioning expansion of existing
hydroelectric plants, the new power
plants indicated for the decade were
not viable and economically attractive
for expansion of the electrical system.

The PDE understands that the process-
es and deadlines involved in obtaining
environmental licenses for hydroelec-
tric plants “directly impact the viability
of these projects and affect the com-
petitiveness and risks associated with
hydroelectric plants compared to oth-
er technological solutions”.

The PDE 2030 does not recognize the
complexity and socio-environmental
risks involved in the implementation
of hydroelectric plants. Those factors
have been generally underestimated
in the process of preparing these proj-
ects, especially regarding the Amazon.

In this sense, in its integrated analysis,
which involves socio-environmental
subjects and Brazilian geographic re-
gions, the points of interest of the PDE

Petréleo e Derivados

Gas Natural

Carvao Mineral e Derivados

Uranio (U308) e Derivados
‘ Outras Nao Renovaveis

Hidraulica e Eletricidade

‘ Lenha e Carvédo Vegetal

0%

2030 are restricted to indigenous peo-
ples and lands and native vegetation,
omitting relevant socio-environmental
aspects such as fauna, landscape, ter-
ritorial organization, quilombola com-
munities, small and medium farmers.



PDE 2030 Integrated Analysis

North

Biodiesel
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Source: PDE 2030 public consultation draft
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People and Lands
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Biodiesel
Ethanol

Wind power
SHG

Petroleum (E&P)
Solar power
Transmission
Hydroeletric
power plant
GPU
Thermoelectrical
(Biomass)
Thermoelectrical
(diesel)
Thermoelectrical
(NG)

Biodiesel
Ethanol
SHG
Petroleum (E&P)
Transmission
Hydroeletric
power plant

GPU
Thermoelectrical
(Biomass)
Thermoelectrical
(diesel)
Thermoelectrical
(NG)
Air Quality Waste Native Forest

Finally, in terms of installed capacity, there is a process of electric matrix diver-
sification, with the reduction of hydroelectric and thermal participation being
offset by the growth in installed capacity of wind and solar sources, in addition
to self-production with renewable distributed generation (Self-production + Re-

newable DG, mostly solar).



Source: PDE 2030 public consultation draft

According to the Greenhouse Gas
Emissions and Removal Estimation
System (SEEG, 2020), the participation
of the energy sector in the profile of
Brazilian emissions was 19% in 2019.

The main responsible for these emis-
sions in the production and consump-
tion of energy are the sectors of trans-

. Hydraulic power
. Thermal energy
Nuclear energy
Solar power
Wind power
SP + Renewable DG
. SP + Non-renewable DG

maintain their percentage of repre-
sentation in 2030 similar to that of
2019, which is around 65%, in the pro-
portion of 70% for transport and 30%
for industry.

The table below details the emissions
of the energy sector from 2005 to 2030
in millions of tons of CO2 equivalent.
The reductions between 2019 and 2021
reflect the economic impact of the
Covid-19 pandemic.

port and industries, which should
Emissions from the energy sector
Emissions from the energy sector (MtCO_eq)
Sectors
2005 2019 2021 2025 2030
Electric Power sector 27 56 31 35 4]
National Interconnected o1 29 17 19 57
System
Self-production 6 17 14 16 19
Energy sector 23 30 34 41 47
Residential 26 19 20 21 22

WWW.INESC.ORG.BR 19



Emissions from the energy sector (MtCO_eq)

Sectors

2005 2019 2021 2025 2030
Commercial 2 15 1,4 2 2
Public 2 0,8 0,7 1 1
Agriculture and livestock 16 19 20 21 22
Transportation 140 191 178 191 224
Industry 62 76 76 83 93
Fugitive emissions 20 20 22 26 31
TOTAL 317 412 383 421 484

(1) The sectoral breakdown was made according to the National Energy Balance (BEN).

(2) Fugitive emissions include transportation and processing of NG and losses in E&P
activities, in addition to coal mining.

(3) The 2005 emissions were updated according to the 5th edition of the annual esti-
mates of GHG emissions in Brazil (MCTIC, 2020). CO2 equivalence is given by the global
warming potential (GWP) metric for 100 years, according to the IPCC’s 5th evaluation
report (IPCC, 2014).

(4) 2019 emissions were obtained from BEN 2020 (EPE

Source: PDE 2030 public consultation draft

Considering emissions by type of fuel, the highlights in 2030 will be diesel oil
(38%), natural gas (20%) and gasoline (13%). In this scenario, the carbon intensity in
energy use will remain practically stable, while the carbon intensity in the econo-
my will decrease by 2.5%, as shown below:
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Intensidade de carbono

Variable

GHG emissions: energy production
and use (MtCO2e)

GDP (BRL billion, 2010)

Gross domestic energy supply (Mtoe)

Carbon intensity in energy use
(kgCO2e/toe)

Carbon intensity in the economy
(kgCO2e/BRL)

Source: PDE 2030 public consultation draft

Maintaining the level of representa-
tiveness of the most carbon intensive
sectors, in this case, transport and in-
dustry, seems to be the main reason
for the stability of carbon intensity in
the use of energy.

Systemic changes were expected,
mainly in the efficiency of the cargo
transportation sector, as well as greater
autonomy for the producer-consumer
of renewable electricity, be it micro,
mini or large. However, they were not
covered by the PDE 2030 in propor-
tion to its transformation potential,
with relevant implications on energy
efficiency gain, demand management
and emission reduction.

2005 2021 2025 2030
317 383 421 484
3122 4013 4495 5211
218 288 323 369
1,45 1,33 1,30 1,31

101,3 95,3 93,6 92,9

As previously noted, the expansion of
electricity generation is predominantly
based on renewable sources according
to PDE 2030. Those would be comple-
mented, in the reference scenario, by
fully flexible thermoelectric plants, by
the modernization through expansion
of existing hydroelectric plants (re-
powering) and by demand responses.

Thus, despite the increase in the in-
stalled capacity of thermoelectric
plants, the generation of energy from
these plants tends to occur sporadi-
cally. It should be noted, however, that
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the success of this strategy relies on re-
source availability, allowing the plants
to be activated whenever necessary.

In any case, PDE 2030 offers an analysis
of greenhouse gas emissions for differ-
ent expansion possibilities, involving
aspects that may change the refer-

ence scenario (case 1), nhamely: hour-
ly assessment of demand and supply
(case 2), change in demand expecta-
tion (cases 3 and 4), expansion with
inflexible thermoelectric plants (UTE),
that is, on the basis of supply (cases 5
and 6), and with changes in the role of
hydroelectric plants (case 7).

Scenarios for electricity sector emissions

PDE 2030

Case Description

1 Reference expansion

2 Considering hourly evaluation

3 Low demand scenario

4 High demand scenario
With 1 GW/year of inflexible

5 .
thermoelectric plants
With 2 GW/year of inflexible

6 :
thermoelectric plants

y With change in the role of

hydroelectric plants

Source: PDE 2030 public consultation draft

The greatestrisk of an increase in emis-
sions from the electric sector is due to
the pressure for inflexible thermoelec-
tric plants, which are obviously of inter-
est to the natural gas sector, since they
guarantee a reliable demand for gas
supply. This “if-then” scenario method-
ology for electrical expansion was also
adopted in PNE 2050, which is the sub-
ject of the second part of this study.
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Emissions (MtCO2eq)

2025 2030
26,3 244
25,8 24,
24 20,0
30,9 259
26,1 34,6
26,6 42,7
25,7 31,2

The scenario of expansion of energy
supply and consumption over the ten-
year horizon is in line with the trajec-
tory presented in the Brazilian NDC, as
shown below:



Indicators
Energy Electricit
efficiency Y
Wind, solar and biomass + DG and self-
. roduction
Electric P
power Hydroelectricity in centralized
generation
Renewable sources, except hydroelectric
Energy )
matrix Bioenergy

Total - renewable sources

Source: Author, w/ data extracted from PNMC, Law N.12.18; PDE 2030 public consultation draft

NDC

Reference year 2025

8%

22%

71%

32%

18%

45%

PDE

6%

24%

74%

36%

20%

50%

Therefore, it can be said that the PDE scenario is aligned with the PNMC and with
the international commitments assumed by Brazil in the Paris Agreement - ex-

cept for the energy efficiency target.
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Like the PDE, the National Energy
Plan® is an instrument for planning
public policies. Its objective is to ana-
lyze trends related to energy availabil-
ity, production and consumption in a
multi-year scenario.

For this study, the analysis of the PNE
2050 is restricted to the 64 long-term
scenarios elaborated for the electrical
matrix (see item IV Annex). This analy-
sis follows the “if-then” approach, also
used in PDE 2030, in the specific case
of the GHG emissions scenarios in the
electricity sector.

In this approach, the main subdivision
of the set of scenarios refers to the
possible interference of the expansion
of hydroelectric plants in indigenous
lands (TI) and/or conservation units
(UC). Thus, 29 scenarios are presented
without interference, 29 with interfer-
ence in IT and UC and 6 with interfer-
ence in IT or UC.

The first observation regarding this
approach is the long-term mainte-
nance of a centralized generation
model, with a recurring focus on large
hydroelectric expansion in the Ama-
zon floodplain. This pattern disregards
an entire history of technical, econom-
ic and socio-environmental problems
that have characterized investments
in this alternative, including the high

13 Document available at: https:/www.epe.gov.br/sites-pt/
publicacoes-dados-abertos/publicacoes/Publicacoe-
sArquivos/publicacao227/topico563/Relatorio%20Final%20
do%20PNE%202050.pdf. See also: https:/www.epe.gov.
br/sites-pt/publicacoes-dados-abertos/publicacoes/Pub-
licacoesArquivos/publicacao-227/topico-563/PNE%20
2050%20-%20Anexo.pdf
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costs for the National Interconnected
System to serve the consumer market,
located largely in the southeastern re-
gion of the country.

Hence, considering the constitutional
and legal restriction to interfere in in-
digenouslandsand conservation units,
this study chose to limit the analysis to
scenarios of hydroelectric plants that
do not reach protected areas'.

In addition, some scenarios reveal a
bias to “accommodate” some more
problematic sources and alternative
generation sources with few historical
usage records. This category includes
nuclear power plants, coal and electri-
cal integration in South America.

It is important to note that the energy
supply for the period up to 2050 was
based on simulations of an expansion
optimization model. Briefly, the sim-
ulation indicates the set of projects
aimed at expanding the supply of elec-
tricity that minimizes the present val-
ue of investment (PVI) in new plants
and interconnections, plus operating
costs and the electricity deficit. This
results in an optimal expansion of the
Brazilian electrical system.

In addition to the restriction on meet-
ing demand (deficit), the model in-
corporates a restriction on meeting

14 The PDE does not make it clear what is the total power
of the hydroelectrical power plants inventoried in the
Amazon and how much of that power interferes in pro-
tected areas (Tl, UC and others). However, informal sourc-
es report that two out of three hydroelectric projects can
be included in the group that interferes with indigenous
lands or conservation units.



maximum power, translated into an
availability factor for the power bal-
ance. This restriction is especially im-
portant when considering the pros-
pect of an increasing participation of
variable renewable sources and run-
of-river plants in the Amazon, whose
seasonality in energy supply is very rel-
evant, especially in the second half of
the year, when rivers have a drastically
low water flow.

In summary, the main parameters of
the expansion model are source ca-
pacity factor, availability for the power
balance and data on total investment,
operation and maintenance costs.

The nuclear plant is the only option
that deviates from the parameters of
the decision model, since it previously
determines a nuclear power to be in-
stalled in a compulsory manner (sce-
narios 24 and 25). Nuclear plants also
stand out for the number of scenarios
with reduced capital cost - CAPEX -
and, in a single case, also for their oper-
ational cost - OPEX (scenarios 20 to 23).

In the line of privileging centralized
generation and admitting an unlim-

ited expansion of the SIN, there are
several scenarios that delimit distrib-
uted generation and other renewable
sources within the horizon of the PNE
2050. This logic includes scenarios 13
(wind limited to 50 GW), 14 (wind and
solar limited to 50 GW), 16 (solar limit-
ed to 50 GW), 27 (DG installed capacity
limited to 75 GW) and 28 (DG capacity
installed limited to 25 GW).

Excluding the previously mentioned
scenarios, in addition to others with a
very low probability, such as stagna-
tion (scenario 1), electrical integration
with South America without transmis-
sion cost or with a 50% cost reduction
(scenarios 9 and 11), a fully electric light
vehicle fleet in 2050 (scenario 12) and
coal financed with a 20% reduction in
CAPEX (scenario 26), reaching a total of
16 excluded scenarios. The reasons for
this were previously explained.

In this selection process, 13 scenarios

remain, arranged in the table below in
increasing order of PIV:

% Emissoes

% renovavel acum. fluxglaté
Cenario Descricao do cenario renovavel 2050 2015- 2050 (R$
2050 (critério 2050 bilhé é s)
NDC) (MtCO,e)
Repotenciacao +
19 aumento F.C. usinas a 94% 55% 818 664
bagaco
;7 Aumentode F.C.de 93% 58% 837 767
usinas a bagaco
8 Repotenciacao de UHE 93% 54% 929 797
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Cenario

18

15

29

10

Descricao do cenario

Aumento F.C. usinas a
bagaco, 50% a mais no
custo

Edlica offshore com
CAPEX reduzido em 20%

Expansao com fosseis

GN Pré-sal a US$ 6/
MMBtu

CAPEX PCHs com 100%
de sobrecusto

Expansao sem fontes
emissoras

Integracao Sulamericana,
custo transmissao 50%
maior

Matriz 100% renovavel
em 2050

Efeito de MC’s na
disponibilidade hidrica

MCs na disponibilidade
hidrica, expansao sem
emissoes

Fonte: Anexo 9, PNE 2050.

%

renovavel
2050

94%

93%

92%

95%

92%

98%

87%

98%

92%

98%

%

renovavel
2050
(critério
NDC)

58%

57%

57%

61%

58%

66%

44%

71%

59%

70%

Emissoes
acum.
2015-
2050
(MtCO,e)

841

923

939

815

952

472

1247

460

974

475

VPI
fluxo até
2050 (R$

bilhoes)

804

806

807

813

824

837

854

859

937

1005

In 2050, the share of renewables would be in a range between 87% (scenario 10,
South American integration, with transmission cost 50% higher) and 98% (sce-
narios 3 and 6, expansion without emissions, with or without the impact of cli-
mate change in water availability).
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According to the NDC criterion, the variation for renewable sources, except for
hydroelectric generation, would be 44% (scenario 10) to 70% (scenario 6).

Regarding accumulated emissions (average period) against PVI, two groups of
scenarios demonstrate a better combination of total investment costs and accu-

Mmulated emissions from 2015 to 2050:

Accumulated Emissions versus PVI - present value of investments

1200
1000 .

Core 1 LB
800

400

200

200 400

600

Core 2

800 1000 1200 1400

Accumulated Emissions (MtCO2e)

Fonte: Autoria prépria, com base no Anexo 9, PNE 2050.

Core 1 consists of scenarios 2 (100% re-
newable matrix in 2050) and 3 (expan-
sion without emission sources), which
are characterized by lower emissions
and very close investment values.

Core 2 consists of the scenarios with
higher emission values, listed below

in an increasing order of costs: 19 (re-
powering, with an increase in the load
factor of bagasse power plants), 17
(with an increase in the load factor of
bagasse power plants), 18 (increased
load factor from bagasse power plants
with 50% more cost) and 29 (pre-salt
natural gas at USD 6/MMBtu)u).
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During the 2020-2030 decade, carbon
intensity in the energy supply remains
stagnant, decreasing in relation to the
gross domestic product (GDP), as a
result of the influence of the agricul-
tural sector’'s growth on Brazil's GDP
performance.

In this scenario of stagnant carbon in-
tensity, the percentage of participation
of renewable and non-renewable ener-
gy sources remains very close. In gen-
eral terms, this means that an eventual
improvement in the decarbonization
of the energy matrix is being neutral-
ized by the growth in demand.

This reality is observed despite the fact
that the national context is character-
ized by an abundant and diversified
supply of renewable energy sources,
present either through rivers, sunlight,
wind or biofuels. On the other hand, it
is true that this abundance of non-fos-
sil sources is, at this moment, facing a
dilemma that involves new opportuni-
ties for the intensive exploration of fos-
sil resources, arising from the explora-
tion of the Pre-salt, which is abundant
in Brazil. In this regard, it is worth not-
ing that the political context was made
unfavorable by the agenda to combat
climate change.

In other words, the expected Brazilian
energy transition ends up not being as
forceful as it could be, because there
are two groups of economic-political
forces vying for the opportunities of-
fered by the growth in demand. The
most emblematic case of this dispute

28

must be due to the way rules of the
Pre-salt auctions will be presented in
relation to energy supply from natural
gas thermoelectric plants, sporadically
(“flexible plants”) or continuously (“in-
flexible plants”)

In this sense, the proposed energy
plans seem more concerned with ac-
commodating different interests, than
facing decisions that could acceler-
ate the energy transition in the coun-
try. There are several examples of this
Yaccommodation”, such as the PDE's
bet on carbon capture alternatives for
thermal generation using mineral coal
and the maintenance of incentives for
oil exploration, in terrestrial areas™ or
in the process of decay, despite its low
relevance in national production.

Even some long-term scenarios, which
pre-determine an offer of nuclear ther-
mal generation, mentioned in the
plans as “energy generation without
emissions”, present the same profile
of accommodation of interests that do
not consider the regulated electricity
market consumer. It is worth noting
that if the thermonuclear generation
were subjected to the optimal expan-
sion model, to which all other sources
were submitted, its high costs would
make it a problematic candidate.

Still in the long-term of the PNE and in
the line of "accommodation of specific
interests”, the proposal to bring a new

15 In this case, through the “Revitalization of Exploration
and Production Activities for Oil and Natural Gas in Ter-
restrial Areas (REATE) program”



breath to the large hydroelectric plants
in the Amazon draws attention, by ad-
mitting a significant number of scenar-
ios where the projects would interfere
in indigenous lands and/or conserva-
tion units. This position disregards the
current legal framework and ends up
bringing difficulties, to the detriment
of any expectation of a solution for ex-
panding the electrical system.

Regarding fuels, the PDE is modest
in the analysis of structural changes
in the cargo transport matrix. It must
be considered that the prominence of
diesel derives, in large part, from the
preference for road transport. Even for
long distances, where other modes
such as railways, river navigation and
cabotage are much more efficient and
cleaner per ton transported.

Perhaps, the most explicit aspect of
the expansion plans is the attachment

to perpetuating a centralized genera-
tion model. This increases pressure on
the investments and technical losses
of a network of transmission lines of
increasing scope and complexity, es-
pecially in a global context where the
technological advancement of ener-
gy storage alternatives - whether for
electric generation or mobility - brings
opportunities for transformation in
the role of the consumer-generator of
electric energy and in urban transport.

However, the analysis of selected sce-
narios in the long-term electrical ex-
pansion shows that a clean path proves
to be technically and economically via-
ble, leaving the Brazilian government
with the task of promoting a better
coordination between the appropriate
decision-making entities.
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Annex

[ to 2050

for electric expansion scenarios up
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Considering the cross analysis be-
tween energy adaptation plans and
the fulfillment of climate targets vol-
untarily adopted by Brazil under the
Paris Agreement (2015), we address in
this policy brief the advances, risks, and
limitations of the proposed trajectories
for electricand energy expansioninthe
country, taking as a basis the Ten-Year
Energy Expansion Plan (PDE 2030, in
Portuguese) and the National Energy
Plan (PNE 2050, in Portuguese). Based
on this framework, we present the fol-
lowing recommendations:

- Government and private ini-
tiative should invest in a greater
supply of renewable energy, with
reduced costs, preserving the rel-
evance of distributed renewable
generation as an option in rela-
tion to large structures, such as
hydroelectric plants, which social
and environmental impacts have
already been proven.

- The production of biodiesel from
soy and corn is not an environ-
mentally and socially responsible
option, so its production as a sub-
stitute for diesel made from fossil
inputs should not be stimulated
by the national energy policy.

- The proposals for the flexibiliza-
tion of Environmental Licensing
underway in the National Con-
gress through Bill N. 3729/2004,
must be abandoned. Indeed, a
joint effort of the entire Brazilian
society and of the political forc-

es in the country is necessary to
bring new meaning to the treat-
ment that has been given to this
instrument, no longer as a bu-
reaucratic obstacle to national
development, but as a norm that
seeks to guarantee its sustainabil-

ity.

- Finally, the mandate elected for
the period 2019-2022, has shown
ineptitude for actions of politi-
cal articulation and coordination
between different decision-mak-
ing instances within the govern-
ment, which is also reflected in
the case of the national energy
policy. However, political articu-
lation and coordination between
different bodies involved with the
supply and demand of electricity
and fuels is fundamental for an
energy policy capable of facing
contemporary climate challeng-
es, as well as the goals defined in
international agreements and the
national legal framework.
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