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Brazil: a Diverse Energy Giant

With its hydrobasins offering huge hydropotential, Brazil has traditionally
developed hydropower for its energy needs. Today, environmental concerns
have led to constraints to building new hydropower reservoirs, thermal
plants, and new transmission lines. Therefore, government policies have
been oriented to the diversification of the country’s energy matrix, including
developing its significant potential in biomass and wind energy and — using
ecologically sound technology — also hydro, natural gas, coal, nuclear and
oil power plants.
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The past decade set the stage for significant the chance of organizing a FIFA Soccer World

changes in Brazilian economy and society. Gov-
ernments committed to democratic stability, free
market mechanisms, and social reform have
slowly steered the country towards the path of
sustained economic growth, culminating in an
increase in GDP of about 7.5 percent in 2010. At
the same time, the country’s newfound confi-
dence and its burgeoning influence in the inter-
national arena are creating both opportunities
and challenges. Brazilians are justly celebrating

60 Living Energy - Issue 5/July 2011 - www.siemens.com/energy/living-energy

Cup in 2014 and the 2016 Olympics, but it is
clear that in order to keep an adequate pace of
growth and manage such massive events suc-
cessfully, Brazil’'s energy infrastructure will
have to meet unprecedented demands.

Today, Brazil has one of the cleanest energy ma-
trixes on the globe, thanks largely to its tradi-
tional reliance on hydropower. In the coming
decades, however, the pressure and the need to
keep a low-carbon economy are expected to play
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Facts & Figures

Brazil is the largest Latin American country in land surface
area, population (over 190 million people in the 2010 census),
and GDP (US$2.18 trillion, although the per capita figure is just
over US$11,000, similar to countries like Libya and Lithuania).
It is the world’s seventh-largest economy in terms of purchas-
ing power parity (PPP).

Brazil's economic size is naturally reflected in energy con-
sumption: The country is the world’s tenth-largest energy con-
sumer, and its fourth-largest carbon dioxide emitter. Most of
those emissions (57.5 percent) come from deforestation, and
are therefore relatively easy to mitigate. Emissions from agri-
culture come next (22.1 percent of the total amount), followed
by energy emissions (16.4 percent). Annual inventories are not
available - the data refers to 2005.

The discovery and exploitation of hydrocarbon energy sources
have increased dramatically in the last couple of decades. Bra-
zil is now the 15"-largest oil producer in the world — in 2006,
the national output was a little above 11.2 billion barrels. The
country has become a net exporter of oil this year, but there are
still some imports of light oil from the Middle East because of
the infrastructure of certain refineries that are unsuited for the
processing of the heavier oil found in Brazilian territory or terri-
torial waters. Natural gas supplies, on the other hand, still have
to be supplemented by imports from Bolivia and Argentina, for
example. Coal reserves amount to about 30 billion tons.

Also significant are Brazil's uranium reserves — the sixth larg-
est in the world, distributed across eight states. Despite this
asset, plans for a greater share of nuclear power in the coun-
try’s energy matrix have been slow to materialize, and there is
considerable public opposition to such an idea.

Energy Generation by Source (MW and %)
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The development and strengthening of a biofuel portfolio has
enjoyed much more support. With both the largest sugar-
cane crop and the biggest exports of ethanol in the word,
Brazil has also developed the so-called “flex” technology, with
which drivers can fill up their cars alternatively with gasoline
and/or ethanol — even mixing the two fuels. The “flex” models
of cars are now the default in most of the country. The refuse
from the sugarcane industry is also showing promising results
in biomass energy facilities, and there has been progress in
the production of biodiesel and its incorporation in diesel from
fossil sources. Natural-gas-fueled vehicles are also quite
common.

Solar and wind energy are still largely untapped, despite their
huge potential in a country with Brazil's climatic conditions.
That will soon change dramatically, however. By 2015, while
the relative participation of hydropower in the Brazilian
energy matrix is set to decrease slightly from 79.3 percent

to 71 percent, the presence of wind energy is expected to rise
to 3.8 percent — almost the same proportion as that of oil in
the current energy matrix and amounting to an increase from
3.9 to 7.3 percent.

While the use of oil and coal is also expected to increase sig-
nificantly — by 138 percent and 127 percent respectively — their
relative shares compared to other energy sources would be
just 7.3 percent and 2.3 percent, probably not enough to justi-
fy concerns of a “carbonizing” Brazilian energy matrix. None-
theless, industry and academia are already discussing carbon
storage and capture (CSS) schemes in connection with future
thermoelectric facilities, although the costs are still a liability
for any such mitigation measure.
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a significant role in any country’s international
standing, and all the more so in the case of Brazil.
Juggling all of these sometimes conflicting de-
mands will be a difficult balancing act, but one
can be confident that Brazilian society will be
able to pull it off. Energy generation and trans-
mission will have to expand on a diverse and
flexible basis, building upon the country’s cur-
rent strengths without fear of innovation - of
going into somewhat uncharted territory. The
diversity of available natural and human re-
sources in Brazil’s vast land mass can be har-
nessed in a way that may benefit both the econ-
omy and the environment.

Rivers of Dreams

The predominance of hydropower in Brazil’s
current energy matrix (it amounted to 79.3 per-
cent of the country’s installed capacity last year
and, by means of operations optimization,
achieved a 90 percent average over the last de-
cade) is natural enough when one looks at it in
terms of Brazilian history, when the country’s
economic powerhouse throughout the 19" and
20™ centuries was initially exporting agricultur-
al commodities, mainly coffee, and then going
through a significant phase of industrialization.
There are a dozen hydrobasins in the Brazilian
Highlands suited for hydropower exploitation.
In the late 1950s, Brazil accelerated its hydro-
power program, mainly in the southeastern and
southern states, concentrated in the Grande,
Paranaiba, Parand and Iguacu River Basins.
Meanwhile, exploitation of the Sdo Francisco
River Basin, traversing part of the southeastern
and most of the northeastern regions, was be-
gun. Later, in the 1980s, exploitation of the Am-
azon River Basins began with the most easterly
of them, the Tocantins River Basin. By that time,
the Uruguay River Basin hydroplants were be-
ginning to be built, as well as new plants with
run-of-the-river capacity, in the mature basins.
That is one of the main reasons why hydropower
became such a fundamental part of Brazilian en-
ergy policy. Another reason, as we shall see, was
the 1973 global oil crisis and the need for the
country to wean itself away from hydrocarbon
energy sources at a time when its oil production
was just a small fraction of what it is today. A
vigorous program of dam building ensued, cul-
minating in the construction of the Itaipu Dam
on the border between Paraguay and the Brazil-
ian state of Parana. Itaipu began operations in

May 1984, and it is still the largest operating hy-
droelectric facility in the world in terms of annual
generating capacity, 91.6 TWh in 2009.

Itaipu and other large hydroelectric facilities built
at the time had huge reservoirs. Flooding an ex-
tensive area of land was deemed necessary as in-
surance against the diminished levels of the dam’s
water during the dry season (most of Brazil, as a
rough approximation, can be said to have basically
a dry season and a wet season, despite regional
variability). Massive reservoirs help to provide a
steady flow of water, which is crucial to a year-
round capability for energy generation.
Environmental concerns have changed, and the
new generation of hydroelectric facilities in Brazil
will follow suit. The backbone of the country’s en-
ergy system expansion is a network of plants in the
Amazon region, two of which are already under
construction in the Madeira River (the Santo An-
tonio and Jirau power plants), and one is planned

“The diversity of natural
and human resources in

Brazil can be harnessed in

a way that may benefit
both the economy and the
environment.”

in the Xingu River (the Belo Monte power plant).
Controversy with environmental and indige-
nous groups has surrounded the three projects,
but there is no denying they are a dramatic im-
provement on the previous model, mainly be-
cause they are not based on the concept of huge
water reservoirs. The Madeira River power plant
dams are good examples of this new model. This
means that those plants will need to flood just a
little over 100 square kilometers of the Madeira
flood plain, respectively. It is practically the same
area that the river would naturally flood in the
Amazonian wet season. That also applies in the
case of the Tapajos-Teles Pires Basin, which will
be the next to be exploited. Thus, the environ-
mental advantages are obvious.




