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ABSTRACT
According to the demands of energy saving and carbon emission reduction, the water vs. energy nexus
has become a major concern worldwide. Brazil occupies a singular position in the global energy system.
A major portion of the Brazilian occupancies has electricity and the energy system expansion that, at first,
possesses adequate means for supporting the economic growing may experience some turnovers. The Brazil
determination through alternative fuels was a natural choice, given its large hydropower potential and land
agricultural base. In the transportation sector Brazil has developed its energy matrix towards an important rate
of ethanol and biodiesel. Although those fuels are low carbon emitter, they may probably not be an affordable
alternative regarding land use, food security and water footprint. In this way, considering the recent advances
in the exploration of oil from Pre-salt (9-15 million barrels) and the discovery of shale gas wells up to 245 tcf,
together to unfavorable social and environmental issues associated to biofuels, the Brazilian energy matrix
might turn back to the fossil fuels again. These represent challenges to the Brazilian policymakers and how

they will be solved will reflect not only in Brazil but also to the world at large.

Key words: renewable energy, fossil fuel, water-energy nexus, Brazilian energy matrix.

INTRODUCTION

Water and energy are the most fundamental elements
that support life and major aspects of the modern
civilization. If there would have scarcity of either one
of them it would bring major concerns for the popu-
lation’s survival. Water and energy are completely
interconnected since for producing energy, water is
consumed and for water supplying, treatment, and
distribution, energy is required. In the same way,
water is the one of the most indispensable requisites
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for agricultural activities via irrigation for production
of food to sustain the population worldwide.
Freshwater is one of the most valuable resources
for supporting and sustaining life in the planet. It is
essential to address basic human needs such as food,
drinking water and a healthy environment (Gerbens-
Leenes et al. 2009a, 2012, Scott et al. 2011, US EIA
2014a). According to United Nations projections,, the
world population will be more than 9.5 billion people
by 2050 (United Nations 2012) and humanity already
uses 26% of total terrestrial evapotranspiration and 54
% of accessible runoff (Gerbens-Leenes et al. 2009a).
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In spite of that, there are many places where
water is becoming scarce due to more frequent and
longer drought periods as well as there are others
suffering with intense floods, due to climate change
(IPCC 2013). By the year 2025, about 60 % of
the global population may suffer physical water
scarcity (Sato et al. 2013, McMahon and Price
2011). The humanity is already facing important
challenges regarding not only the water-energy
nexus to meet water of quality and energy security
but also the food demand for the next generations.
Taking into account the synergy between water
and energy, the only way to solve these problems
is to consider them together in a point of view of
environmental sustainability.

There are 1,386,000,000 km® of water in the
Earth but 97 % of it is saline water. From the 3
% of freshwater, about 99.7 % is trapped in ice
caps or found in the ground level, which requires
energy for removal. In turn, only 0.1 million km?
of freshwater are found in lakes and rivers as well
as about 13,000 km? in the atmosphere (McMahon
and Price 2011). Since about 70 % of the freshwater
in the world is currently used for irrigation (for food
production, livestock need for a stable food supply,
and biomass crops for production of biofuels),
agriculture remains the largest user of water bodies
(Service 2009, FAO 2013, Sato et al. 2013). In
some countries, irrigation goes as high as 95% of
the developed water supply. The competition for
freshwater allocation among municipal, industrial
and agricultural sectors results in a gradual shift to
non-agricultural uses. In turn, this shift generates
large amount of wastewater driven by the rapid
growth of population, urbanization, improved
living conditions and economic development
thus contributing for the worsening of aquatic
environment. It is also important to point out that
the more wastewater is produced the more energy is
required for its treatment. In places where water is
scarce and the wastewater production is increasing
without a proper treatment, wastewater is used for
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irrigation in agriculture (Sato et al. 2013). But it is
noteworthy to remember that agriculture by itself
is an environment threatening. The indiscriminate
use of fertilizers and pesticides for improving food
production in the same available land area is leading
to significant pollution of the air, surface and
groundwater, and soils, putting at risk the natural
ecosystems and human health (FAO 2012). Yet,
there are not conclusive studies dealing with what
happens when compounds and their metabolites
derived from fertilizers and pesticide applications,
in long-term basis, take part in the food chains and
in the aquatic ecosystems.

In turn, the energy sector is the second biggest
water consumer, in terms of withdrawals. Itaccounts
for 20% of the total water withdrawals worldwide
(Hadian and Madani 2013). Water is ubiquitous in
the entire energy supply chain. Water is required
for energy generation, exploration, processing and
transport of fossil fuels (EIA 2012). For instance,
water is used for drilling and fracturing in oil and
gas exploration, large amounts of water is needed
for cooling systems in thermo power plants and
nuclear power stations, large amounts of water
is required for hydropower stations to produce
electricity, and feedstock for biofuel production
need considerably large amounts of water for their
growing (Service 2009, Mekonnen and Hoekstra
2012, Da Rocha et al. 2013, Hadian and Madani
2013, Zhang and Anadon 2013).

In spite the fact biofuels require more water
for unit of energy production, regular fossil fuels
drilling and exploration, and unconventional
oil and natural gas extraction by hydrofracking
uses large amounts of water and generates even
larger quantities of wastewater that is a major
environmental concern. Yet, there are concerns that
during fracturing processes it could contaminate
groundwater and aquifers, which pose water risks
(Da Rocha et al. 2013). Furthermore, due to the
technology available currently there is a concrete
possibility to leak CH4, CO,, H,S and Hg from
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geological formations to the atmosphere during
shale gas extraction that could lead to other major
environmental concerns. In coal and nuclear
plants, a large amount of water is circulated for
cooling purposes. Part of this portion of water is
reused for energy production in those plants and
the rest is evaporated or discharged into original
source, causing a range of environmental issues,
such as fish mortality and algae growth (Hadian
and Madani 2013). Renewable and clean ways
of energy production such as hydropower, wind
power, ocean power and geothermal energy are
recently regarded as good alternatives to meet
energy production requirements and reduce the
water stress (IPCC 2011).

Some studies argue that the pointed renewable
bioenergy processes are good alternatives when
carbon footprint is regarded but they still consume
water and would contribute for the calculations of
water footprint of the energy sector. Hydropower
consumes water in the way large extension surface
dams lose water via evaporation (Haddad 2011,
Herath et al. 2011, Mekonnem and Hoekstra
2012, Ackerman and Fisher 2013, Bahadori et al.
2013). According to Hadian and Madani (2013),
the amount of water that is evaporated on a daily
basis from hydropower stations across USA is
enough for meeting the demand of 50 million
people. Moreover the amount of water required for
manufacture the turbines for wind power stations
and solar photovoltaic plates are considerable
(Hadian and Madani 2013) but much lower than
other power resources. Since these technologies
are immature, with low efficiency and subjected
to interruptions (Wang et al. 2013) it becomes
necessary to have energy production from non-
renewable resources as backup to guarantee the
sufficient supply of energy (Hadian and Madani
2013). Water and carbon footprints in different
energy and government scenarios for the next 40-
50 years should be taken into account in the water-
energy-food discussions.

Under the background of energy saving and
carbon emission reduction, the water-energy nexus
has also become a major concern worldwide. In
relation to the global energy system, Brazil occupies
a singular position. The Brazilian dwellings have
almost universal access to electricity (99% of them)
and the energy system expansion that, at first,
possesses adequate means in order to guarantee
a fast growing economy through the diversified
energy matrix may suffer some turnovers (EIA
2013). Brazil population in 2013 was 200.4 million
people and United Nation projects it to be around
231 million by 2050. Taking into account the
Brazilian population is considered to be young
(only 11% of total population was aged at 60 or
over in 2013) (United Nations 2012), together to
estimates of population growth up to 2050, and its
growing economy (GDP was US$ 2.253 trillion in
2012 and US$ 2.503 trillion in 2013) (World Bank
2013), the increase in the energy demand in Brazil
is clear and real and will press the domestic energy
matrix to be adjusted to face these challenges.

The Brazil’s choice to press ahead with
alternatives to fossil fuels since 1970s was a
natural choice, if considering the large hydropower
potential and the land agricultural availability. On
the other hand, the water-energy-food security
issues must be considered because it is estimated
that around 70% of the water consumed in Brazil
is related to the agriculture. Energy has long been
required in different agricultural activities, either
through consumption of fossil fuels or electricity
generated by hydropower (Lawford et al. 2013). In
the transportation sector, since the 1970s oil crisis,
Brazil has developed its energy matrix towards an
important rate of sugarcane ethanol contribution
and, more recently, the use of biodiesel (started
in 2003). In spite the fact that those fuels are low
carbon emitter, biofuels may probably not be an
affordable alternative when we think about land
use, food security and the water footprint. In this
way, taking into account the recent advances in the
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exploration of oil from the Pre-salt (estimated to
be 9-15 million barrels) and the discovery of shale
gas/oil wells up to 245 tcf (EIA 2013, Da Rocha
et al. 2013), together to the unfavorable social and
environmental issues associated to the biofuels,
there would be a chance the Brazilian energy matrix
could be probably turn back to the fossil fuels
again. These represent challenges to the Brazilian
policymakers and how they will be solved ahead
will have implications not only for Brazil but also
to the world at large.

ENERGY MATRIX IN BRAZIL

This subject is related by two main topics: the
electric energy matrix in Brazil (hydropower,
nuclear power, wind power and other forms of
electricity generation) and the energy matrix for
road transport and transformation sector in Brazil
(oil, natural gas, and biofuels).

THE ELECTRIC ENERGY MATRIX IN BRAZIL

Hydropower

Hydropower is a renewable energy source where
power is derived from energy of water moving
from higher to lower elevations (IPCC 2011).
Hydroelectricity is an alternative to obtain electricity
from the use of the hydraulic potential of a certain
portion of a river, often ensured by a construction of
a dam and the consequent formation of a reservoir
(Bermann 2007). It is a proven, mature, predicable,
low carbon emitter, cost-competitive technology
and a renewable energy source (IPCC 2011, Fu et
al. 2014). Hydropower is a very efficient technology
for energy production. About 96% of the water
movement in the turbines is converted in electric
energy (IPCC 2011). It currently provides about
16% of the global electric energy production and
86% of all electricity from renewable sources. The
annual global technical potential of hydropower
generation is 14,576 TWh with a corresponding
estimated total capacity potential of 3,721 GW.
This is four times the currently installed global
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hydropower capacity. Asia and Latin America have
the largest technical potential (IPCC 2011).

Today, Brazil possesses 1106 hydroelectric
stations, coordinated countrywide via a large
interconnected transmission network (Figure
1), producing 86.7 GW. It represents 67.7% of
domestic matrix of electric energy. It is planned
for the coming years more 38 hydropower stations
begin to produce energy in the order of 14.4 GW
(ANEEL 2014). But the amount of energy produced
today is around one-third of the estimated 245
GW of potential in Brazil (Figure 1a) (EIA 2013).
However, around 80% of Brazilian electrical
energy demand is met by hydropower plants (IPCC
2011, EIA 2013). The remaining Brazilian energy
needs are met by wind power, nuclear energy and
thermoelectrics, in spite the fact it yet has to be to
the imported around 6% of total electricity demand
(ANEEL 2014).

Total electric energy matrix in Brazil produces
more than 128 GW of energy, considering all ways of
energy production (ANEEL2014). Inrecent estimates
from EIA, in the new policies scenario (NPS), it will
increase to 260 GW in 2035. Hydropower, that is
the main way of producing electricity in Brazil, will
increase to 142 GW in 2035 (EIA 2013). But since
large hydropower projects become more and more
controversial in Brazil and in the world, there is no
such a guarantee they will be ready to work in the
expected time as well as the costs, environmental
and social problems would be exacerbated over
time. If no enough hydropower stations would be
available to 2035 for covering the increase in the
demand of electricity or there would have drought
periods in the way it would compromise electricity
production. Other ways for producing energy, such
as natural gas-fired power stations, wind power, and
bioenergy should fill this gap (EIA 2013).

Nowadays there are some hydropower plants
(HPP) under construction in Brazil. They are Estreito
(1.1 GW) on the Tocantins River, Belo Monte (11,2
GW), Santo Antonio (3,15 GW) and Jirau (3,75 GW)



ENERGY AND THE WATER-ENERGY BINOMIUM FOR BRAZIL

(A) :

573

(8) —— e ' : -

o= R R o
7 VENEZUELA ¢ ;
Y

I LT
| coLoMBIA._—<
: s

| &

10°S

20°S

- 1

HYDROPOWE [ \

[ exisTinG "‘FEGEN‘“NAr

@ [ POTENTIAL \\\_,\\ /

g —— RIVERS K 3l
#****1 HIDROGRAPHIC ¥ 9 oEm =2 =
Ceeeed BASINS | *\H__,f ;URUGUTN)’. i

VENEZUELA

COLOMBIA

Atlantic
Ocean

-

07
G
T A

PERU

Atlantic
Ocaean

Pacific Ocean

@ W Wind Power Wind Power |
g Angra Nuclear  Density (Wim’)
» {9 Power Plant 0-100
27 ARGENTINA Netwaork 100-150 [
—— Existing 150 - 200
———: Expansion 200 - 250
Hydropower Plant 250 - 300
® 15-126W 300 - 400
I 400 - 1000
¥ 0 375 750 1.500 I

T T
70°W 40°W

50°wW 40°w 30°wW

Figure 1 - (A) Current and potential hydropower plants by river basin. (Data source: EIA World Energy Outlook, 2013); (B) Map
showing the annual wind potential in Brazil. For interpretation of the references to color in this figure legend, the reader is referred

to the web version of this article.

in the Amazon Region, Teles Pires (1,82 GW) and
Colider (300 MW) on the Teles Pires River, Garibaldi
(192 MW) on the Canoas River, and Ferreira Gomes
(252 MW) on the Araguari River Basin (IHA 2013).
They are planned to be operational by the end of
2015. Large and continued investments are highly
necessary for construction and operation of new
HPP as well as in the improvement of existing and
prospective energy transmission lines is fundamental
in order to the supply energy follows the increase of
energy demand and do not constrain the emerging
economy growth in the next decades. Planning is
necessary in order to avoid electricity shortage as
it happened in Brazil in 2001-2002. In that time, in
order to avoid eminent blackouts around the country,
the population and all economic sectors had to save
energy (to use about 80% of the total electricity rate
of that time), which reflected negatively in the
economic growth.

Hydroelectricity has been regarded to have a
large water footprint on global average (Herath et
al. 2011) since the large the reservoir the higher the

water loss via evaporation. When large amounts of
water is evaporated it would take part in the water
cycle and be transported to long distances before
it goes back to the Earth surface via rainfalls.
In the attempt to evaluate water footprint from
hydroelectricity, there are three components that
should be addressed: the blue water footprint
(consumptive use of ground or surface water),
the green water footprint (consumptive use of
rainwater) and the grey water footprint (the volume
of polluted water produced) (Hoekstra et al. 2011,
Mekonnen and Hoekstra 2012). Until recently
there are no comprehensive estimates about
water footprint for HPP. This budget in water for
HPP still is unclear. But Mekonnen and Hoekstra
(2012) have calculated the blue water footprint
from 35 hydropower plants (HPP) around the
world (among them 8 HPP from Brazil) and the
average blue water footprint of the selected HPP is
68 Gm® yr'!. However, this may vary largely from
one place to another according to reservoir surface
and climate characteristics. For instance, the blue
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water footprint for the following Brazilian HPP,
such as Estreito (70.6 m® GI'"), Itaipu (7.6 m® GJ),
Itumbiara (52.5 m* GJ!), Jaguari (14.4 m* GJ),
Marimbondo (38.3 m?® GJ*), Sao Simdo (40.8 m?
GJ™), Sobradinho (399 m* GJ!), and Tucurui (49.5
m? GJ') (Mekonnen and Hoekstra, 2012), vary
largely from one another. However, if considering
the quantity of HPP in Brazil and its continental
size, there would be necessary to develop a wider
study about HPP water footprint in order to have a
clearer and more precise idea about this topic.

The quantity of stored water in hydropower
reservoirs represents a huge amount of stored
energy. In this way, HPP is subjected to freshwater
availability. The volume of stored water energy has
been declining in relation to the overall size of the
Brazilian power sector since the mid-1980s (EIA
2013). In addition, climate change may contribute
to exacerbate unequal freshwater distribution in
Brazil. In spite the fact Brazil is very famous as
a country with plenty of freshwater, this is mainly
located in the Amazon (where less than 20% of the
Brazilian population lives). On the other hand, in
the South, Southeast and Northeast regions (where
more than 80% of the Brazilian population lives)
there is much less water available or even places
facing water scarcity. For illustration, recently
there have been flood events in the North (in the
states of Rondonia and Acre) and drought events
in the Southwest (in the state of S3o Paulo) due
to climate change. Sdo Paulo metropolitan area,
the most populated and industrialized region in
Brazil, has been experiencing water scarcity in the
present day due to abnormal decline of water levels
in the Cantareira basin due to insufficient rainfall.
This area is already facing the real possibility of
water shortage if no effective rain events come up
until the end of Spring 2014 and Summer 2014-
2015 (Southern Hemisphere Spring and Summer).
Although electric energy for Sdo Paulo is not at
risk since it is mainly supplied from Itaipu HPP
(that is not suffering of water restriction), this is an
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example of what would happen in other regions of
Brazil if there were no planning to meet the increase
in the energy demand for the next decades. In
order to assure energy security under this scenario,
it becomes also necessary to invest in energy
generation from sources other than hydropower.
These could be bioenergy and thermoelectrics.

Nuclear power

Nuclear power is a very dense and highly
concentrated form of energy (Figure 2) (WNA
2014a). A single uranium fuel pellet contains as
much energy as 480 m> of natural gas, 807 kg of coal
or 149 gallons of oil (WNA 2014b, c¢). Currently
there are 435 nuclear power reactors operating in
31 countries plus Taiwan, with capacity of over 370
GWe in total. In 2011 these provided 2518 billion
kWh, about 13.5% of the electricity worldwide.
Concerns about energy security and greenhouse
gases emission restrictions on coal have put nuclear
power back on the agenda for construction of new
energy facilities in many countries (Karakosta et al.
2013, WNA,, 2014a) even though there is always
a risk of nuclear accidents as have happened in
the Three Miles at 1979 (Pensylvania, USA),
Chernobyl at 1986 (Ukraine) and more recently
in Fukushima at 2011 (Japan). Indeed, estimates
account that without nuclear power, the EU power
plant carbon dioxide emissions would have been
about one-third higher (Karakosta et al. 2013).

Land use and water footprint have been
quantified for the whole cycle of nuclear power.
The steps considered are uranium mining, milling,
and refining, the conversion of the yellowcake to
uranium hexafluoride, enrichment, management,
and/or disposal of depleted uranium, fuel
fabrication, and transportation associated with
materials to and from nuclear facilities (Table I)
(Schneider et al. 2013).

The Brazilian nuclear power industry was
developed as part of the national strategy to diversify
energy matrix and to decrease the dependency on
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Figure 2 - Comparison of energy density among selected forms of energy (Energy density values are from Dilon
2009 and Elert 2005).
TABLE 1
Land and water uses for nuclear power stations.”
Water use (L tU™)* Land use (m” tU")*
Uranium extraction” 6.3x10° 362
Conversion 1.1x10° 8.7
Enrichment (diffusion) 1.1x10° 10.7
Enrichment (centrifuge) 3.1x 10 6.17
Fuel fabrication (UOX) 1.68 x 10* 0.63
Fuel fabrication (MOX) 6.88 x 10* 2.13
Depleted uranium management 1.1x 10 9.1
transportation - -
Total® 7.46 x 10° 387
*modified from Schneider et al. 2013. ®includes mining, milling and refining base in the current
mix of mining technologies. ‘assumes centrifuge enrichment and UOX fuel fabrication.
"Liters of water use per tonne uranium. “square meter of land use per tonne uranium.
imported fuel. At this moment, nuclear power in Current generation capacity comes from

Brazil plays only a small role in the overall supply
of electricity. But government plans on long-term
basis suggest that nuclear will continue to be seen
as being one of a number of options for additional
energy capacity considering domestic sources of
low and zero-carbon energy (EIA 2013).

two nuclear power reactors, Angra I (640 MW,
operational in 1985) and Angra II (1.35 GW,
operational in 2000), which have been operating
at Angra dos Reis city, in the Rio de Janeiro state,
around to the most populated and industrialized
It was also started the

Brazilian regions.
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preliminary work on a third reactor, Angra III (1.35
GW), since 1980s, but it was suspended after the
Chernobyl disaster and re-started only in 2010.
After that, construction to an upgraded design has
been delayed by stricter regulations due to the 2011
Fukushima accident (EIA 2013).

According to Energy International Agency
(EIA) and the World Nuclear Association (WNA),
projections about when Angra III is assumed to come
online are around 2020 (EIA 2013, WNA 2014d).
In November 2006 the government has announced
plans to build four further 1000 MWe nuclear plants.
In turn, Eletronuclear Company announced early
in 2013 two possible sites that could be installed
nuclear power plants: in the Brazilian Northeast
region, on a large dam in the Sdo Francisco River
(between the states of Pernambuco and Bahia) for
up to 6600 MWe, and other in the North of the state
of Minas Gerais for 4000-6000 MWe (WNA 2014d).
But according to predictions from FEIA4, beyond
2020, expansion of nuclear capacity is expected
to remain limited and gradual, with total installed
capacity reaching 4 GW by 2035 compared with 2
GW in 2012. On the other hand, the availability of
other low carbon technologies at lower costs, such
as hydropower and wind power, would limit the
prospects for nuclear power (EIA 2013).

Wind Power

Wind power is a renewable source of energy
production, which kinetic energy from moving air
is converted to electricity. The primary use of wind
energy of relevance to mitigation of CO, emissions
and water-energy nexus is to generate electric
energy from large and grid-connected wind turbines
developed either on land (onshore) or in seawater/
freshwater (offshore) (IPCC 2013). It is expected
that wind energy could play a major role in the
transition from finite and polluting energy sources
(such as fossil and fissile fuels) to a sustainable and
renewable form of generating energy (Archer and
Jacobson 2013).
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Generating power from wind turbines varies
with the wind speed. Generally, the best wind
sites are typically close to the sea, in flat open
spaces and/or on hills or ridgelines. But a site,
to be considered ideal, should be accessible and
relatively close to load centers. Wind turbines
located offshore can take advantage of stronger and
more consistent sea breezes. Wind speeds tend to
increase with increasing distance from the shore,
but this also increases the sea profundity, requiring
more complex foundation structures (EIA 2013).

In global terms, for moving towards the direction
of energy saving and carbon-emission reduction, the
integration of wind power increases fast in the power
system. In light of that, the bigger would be the wind
power share in the energy mix the lower would be the
need for the production of electricity from fossil fuels
(Wang et al. 2013). However, due to interruptions of
wind power together to the still necessary investment
in R&D to make it a mature technology, wind power
requires additional reserves of energy from other
sources. Regarding the water footprint, this is very
favorable to employs wind energy since its direct
water consumption is essentially negligible. Life
cycle water consumption of wind power (both
direct and indirect consumption) is 0.64 L kWh'!
(Li et al. 2012).

With an increase rate of around 25% per year
over the past decade, wind power made about 2.3%
of global power generation in 2012. Globally, wind
capacity was 282 GW in 2012. The wind power
potential in Brazil is close to 350 GW (EIA 2013).
In 2013, 129 wind power farms were in operation in
Brazil (Figure 1b), contributing to approximately 2%
of the total electric energy matrix (ANEEL 2014).
Brazil has very favorable conditions for wind power
generation, with the current focus being on onshore
wind resources. The beneficial conditions include a
coastline length about 7,500 km that provides many
opportunities to harness the fairly constant easterly
trade winds and regions of annual wind velocities
more than 7 m s! (EIA 2013).
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Other sources of electricity generation in Brazil

As noticed from what was discussed previously,
the Brazilian electric energy matrix is essentially
from renewable resources, such as hydropower
(76.9 %), biomass (6.8 %), and wind power (0.9
%) according to data from 2012 (Figure 3) as well
as electric energy importation from the Paraguay
share in the Itaipu Binational HPP. But there are
contributions from non-renewable sources such
as nuclear power (2.7 %), natural gas (7.9 %), oil
and derivatives (3.3 %), and coal (1.6 %) utilized
either in nuclear power stations, thermoelectric

Electricity Generation

1.6%

m Hydropower
® natural gas
= biomass

m oil and derivatives

592.8TWh

H nuclear
= mineral coal and derivatives

wind power

stations, and/or sugar cane plants (Figure 3) (MME
2013). Today there are 21 thermoelectric stations,
distributed in every region in Brazil, which have
produced an average of 2,699 MW per day all
together (Petrobras 2014a) yet 20 other stations
are under construction (MME 2012). Brazilian
thermoelectric stations are either natural gas-fired
or petroleum derivatives-fired. Main electricity
consumers are industries (35.4 %), buildings (19.8
%), commercial (13.5 %), and agricultural (3.9
%) as well as losses in energy as high as 15.9 %
(MME 2013).

Electricity Consumption

m industrial

m residential

m commercial

m public

m energy sector

= agricultural
transportation

" losses

Figure 3 - Electric Energy Matrix in Brazil at 2012 (MME 2013). For interpretation of the references to color in this figure legend,

the reader is referred to the web version of this article.

Based on the Brazilian GDP and population
growing rates projections, the Energy International
Agency estimates primary energy use increases
to 2035 by between 56% and 88%, depending on
the scenario. Demand in electric energy will go
upward rising by nearly 3% per year on average
over the period from 2011 to 2035, doubling from
471 terawatt-hours (TWh) to 940 TWh. These
projections will demand investments in the electric
energy sector in the order US$ 567 billion, at a rate of
USS$ 24.3 billion per year, on average, until 2035. In
the same period, it is projected that Brazil continues
to be a minor electricity importer, at 30-40 TWh per
year. Final energy consumption by sector in Brazil

at 2035 will be 148 megatonnes of oil equivalents
(Mtoe) by the industrial sector, 132 Mtoe by the
transport sector, 57 Mtoe by buildings, and 51 by
other sectors, including agriculture (EIA 2013).
Renewable sources for generating electricity
in Brazil will probably be the major focus since
hydropower and wind power is expanding in the
country. However, the share in the contribution
among renewable and non-renewable resources in
the electric energy matrix will depend on the choices
the Brazilian Government and policymakers
will make (taking into account the social and
environmental issues in implementing new HPP,
the intermittence of electricity from wind power,
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the advance in the negotiation for a continued
delivery of conventional natural gas from Bolivia,
the decision on whether or whether not to explore
conventional and unconventional sources of shale
formations as well as the following to carbon
emission reduction agreed by the Copenhagen
Accord and the IPCC scenarios for climate change).

THE ENERGY MATRIX FOR ROAD TRANSPORT AND

TRANSFORMATION SECTOR IN BRAZIL

Fossil power

Fossil fuels such as coal, petroleum, and natural
gas have been widely used by humanity for energy
production. Energy density for natural gas is 55.6
MJ kgl as well as it is 45.8, 45, 44.2, and 21.5
MJ kg! for diesel, gasoline, crude oil, and coal,
respectively (Figure 2). Fossil fuels have been
providing energy for transportation of people and
goods, industrial sector, agricultural purposes, and
private and public buildings (McMahon and Price
2011, Nicolini et al. 2011). Traditionally fossil fuels
have been claimed to be finite and non-renewable
resources as well as being the main environmental
stressors regarding carbon emissions to the
atmosphere. Nowadays emerging concerns about
the continued and widespread use of fossil fuels
for energy generation is also related to the water
footprint. Water is a necessary component in every
step in the fuel production chain, which begins in
the mining process and going through the extraction
and processing of fuels, cooling equipments, and
the suppression of dust. Yet, water is also utilized
for land reclamation and revegetation of affected
areas (US GAO 2009, 2010, 2012, McMahon
and Price 2011). Nevertheless, in the present day,
every nation depends, in some extension, on the
exploration and production of oil and gas, either
from its own territory or by importation from the
producing countries, in order to meet the energy
demand, to reach energy security, and not to
constrain its economical growing.
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Water withdrawal and consumption requi-
rements are major issues for hydrocarbons (oil and
gas) exploitation and/or exploration (US GAO 2012,
EIA 2013). Depending on the kind of geological
formation coal, oil and natural gas resources are
found they are regarded as either conventional or
unconventional fuels. In general terms, when fossil
fuels are found in porous deep rock formations they
can easily flow to the surface after conventional
and vertical drilling are named conventional fuels.
On the other hand, when oil and gas are trapped in
impermeable and tight rock reservoirs such as shale
formations or sandstone and carbonate rocks they
are called shale gas/shale oil and tight gas/tight oil,
respectively. They are considered unconventional
fuels since for their extraction it is necessary both
vertical and horizontal drilling and the injection
of large amounts of water and chemicals under
high pressures to expel the oil and gas from their
reservoirs to the surface, through a process called
“hydrofracturing” or “fracking” (McMahon and
Price 2011, Grubert et al. 2012, US GAO 2012,
Jenner and Lamadrid 2013, Da Rocha et al. 2013,
Chang et al. 2014, Mangmeechai et al. 2014 and
references therein).

Independently which geological formation
fossil fuel is placed, their production consumes large
amount of water. However, unconventional coal,
oil and gas use much larger quantities of water and
produce a larger amount of wastewater or produced
water. Produced water may contain a variety of
contaminants such as salts and minerals, metals,
radioactive elements, sulfur and a large range of
organic compounds (McMahon and Price 2011, US
GAO 2012, Jenner and Lamadrid 2013). In USA it
is considered that oil and gas producers must give
appropriate water management and treatment before
this water can be disposed or reused and regulations
prohibit its direct discharge in municipal and state
water treatment systems (McMahon and Price
2011, Dale et al. 2013, Mangmeechai et al. 2014).
If it is not appropriately managed or treated, the
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contaminants present in produced water discharged
from oil and gas operations may threaten human
health and the environment (US GAO 2012).

Conventional reservoirs are located both
onshore and offshore but unconventional fuels
are found onshore only. World reserves of proven
conventional natural gas are 6,707 trillion cubic feet
(tcf). China, United States, Canada and Australia
havethebiggestconventional natural gasreserves. In
turn, proven and recoverable world unconventional
natural gas from shale formations is 7,299 tcf (US
EIA 2014a). In 2035, projections account that
around 50% of natural gas demand in the world
will be met by extracting it from unconventional
reserves (US EIA 2014b). According to US Energy
Administration, Brazil has a reserve up to 245 tcf
natural gas from proven shale formations (US EIA
2014b). Shale gas reservoirs in Brazil are located in
the Parana, Solimdes, Amazonas, Reconcavo and
Sao Francisco Basins. In turn, recently published
by US EIA, there were around 345 billion barrels of
proven world reserves of shale oil (US EIA 2014a,
b). The estimates for Brazil are 34.8 billion barrels
of shale oil (Campos 2013). Figure 4 show both
conventional and unconventional hydrocarbon
reserves in Brazil. Unconventional shale oil and
shale gas exploitation/exploration have not yet been
started in Brazil. However, the Brazilian Agency for
Petrol, Natural Gas and Biofuel Regulation (ANP)
had auctions for shale gas exploration in 2013.

In regard to water footprint, shale gas
extraction demands 50-100 times more water than
extraction of conventional natural gas. It happens
due to additional steps in recovering natural gas
from shale formations, such as the drilling and
fracking processes. For instance, the drilling step
in Marcellus shale needs 296 thousand liters of
water and the fracking step needs 140,600 thousand
liters of water per well. In spite the fact shale gas
consumes more water than conventional gas it
consumes less water than coal. In comparison,
while coal extraction consumes 11-53 L water per

MWh (LMWh!) and shale gas extraction consumes
29.4 L MWh!, water requirement for extraction of
conventional natural gas is negligible (Jenner and
Lamadrid 2013, also see Dale et al. 2013). In turn,
water needs for traditional oil production is 28-73 L
GJ!, enhanced oil recovery is 75-9,065 L GJ*!, and
oil sands are 70-1,800 L GJ! (McMahon and Price
2011). Additionally, water requirements for on-site
consumptive water use for shale oil production
are 629-703 L of water per barrel for surface
production, and 159-322 L of water per barrel for
in situ production (Mangmeechai et al. 2014).

The global proven reserves of crude oil are
nearly 1,473 billion barrels (bb) (US EIA 2013).
The world reserves of conventional oil extracted
in continental or oceanic waters (low and medium
depths, located in the post-salt layer) areas are
almost entirely located in the Middle East, Libya,
Gulf of Mexico and Russia. But world reserves of
shale oil and tight oil are well distributed in various
regions (the main producers being Russia, the United
States, China, Argentina and Libya). In turn, the oil
reserves in deepwater and ultra-deepwater Pre-salt
are mainly concentrated in Brazil. Reserves of the
Brazilian Pre-salt are between 9-15 billion barrels
of oil while the oil reserves of Brazilian post-salt
are 14.5 billion barrels, of which mainly heavy oil
is produced (Petrobras 2010). So far, there are in
operation only three oil wells in Brazilian Pre-salt
wells in the pilot study in the Santos Basin, since the
R&D&I needed to extract the oil in such deep waters,
about 6000-9000 m depth, are still being developed,
which requires a reasonable time and a good amount
of investments (Petrobras 2010, Estrella et al. 2011).
Nevertheless, it has been produced 500 thousand
barrels of Pre-salt oil in the Santos and Campos
Basins (Figure 4). Petrobras has planned to invest
USS$ 102 billion until 2018 and by the same year
it is estimated that 52% of the Brazilian total oil
production will come from Pre-salt (Petrobras
2014b). The challenges are great and the forecast
is that aggressive investments may be needed for
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Santos and Campos Basin used for Pre-salt oil extractions. (Adapted from EIA 2013 and
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ten years, in the order of a trillion dollars, which
means about half of Brazil's GDP in 2012 to a full
exploitation of oil from Pre-salt basins of Campos
and Santos (The Economist 2013). But, estimates
of EIA the Santos basin are by far the largest source
of projected supply growth in Brazil to 2035.
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In 2012, the total energy production was
283.6 megatonnes equivalent oil (Mtoe) in Brazil
(Figure 5). Different forms of energy generation
have contributed to these figures, such as oil and
derivatives (39.2%), sugarcane products (15.4%),
natural gas (11.5%), electricity (13.8%), firewood
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main raw materials used in biodiesel plants (FAO
2013, ANP 2014a, Galembeck 2010).

Brazil possesses a total area of 851 million
hectares and it is estimated that the portion used
for agricultural production is around 67 million

Offer

¥ oil and derivatives
® sugarcane products
® hydraulic and electricity

o natural gas

283.6 Mtoe

u firewood and charcoal
= coal and derivatives
® uranium and derivatives

» others

hectares. Among the main Brazilian crops, it should
be highlighted the areas used for the plantations of
soybean (30,173,100 ha) and sugarcane (9,004,500
ha) in 2014/2015, which together occupy 58% of
the total agricultural area. These are the main raw
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Figure 5 - The gross energy flux for Brazil in 2012 (MME 2013). For interpretation of the references to color in this figure legend,

the reader is referred to the web version of this article.

and charcoal (9.1%), coal (5.4%), and uranium
(1.5%), among others (4.1%). Main consumers
were industries (31.4%), transport sector (28%),
buildings (8.4%), and losses (2.9%), among other
minor consumers (MME 2013).

Projections of the Brazilian conventional oil
and gas resources have risen as the estimated Pre-
salt resources became clearer. The estimative about
conventional hydrocarbons in Brazil are as high as
120 billion barrels. But until the end of 2012 only
14 billion barrels have been produced. Of the 106
billion barrels remaining, i.e. around 90% of the
reserves, only 14% of the latter are proven reserves.
An additional of 3 billion barrels of unconventional
oil is present in the Irati formation in the Parana
Basin (EIA 2013). According to a recent evaluation
done by the US Energy Information Administration
(US EIA) in the Solimdes, Amazonas and Parana
onshore basins, technically recoverable light tight
oil resources are estimated to be around 5.4 billion
barrels of oil (US EIA 2013). Almost 90% of
recoverable resources in Brazil are still waiting to

be produced. In terms of natural gas resources in
Brazil, it is potentially interlinked to oil production.
The conventional natural gas resources of about 12
trillion cubic meters (tcm) are associated to both
onshore and offshore oil resources. Half of it is
found in the Santos basin. In the EIA projections,
Brazil has the potential to become a major gas
producer, with output rising from 18 bem in 2012
to 38 bem in 2020, and 92 bem in 2035 (EIA 2013).

Biofuels

In Brazil agriculture plays an increasingly important
role in economy, which besides food production, it
provides feedstock for production of liquid fuels,
especially through the rapid growth of the biofuel
sector. In Brazil, ethanol is produced from easily
fermentable agricultural feedstock such as sugar
cane, while biodiesel is produced from different
proportions of raw materials. Depending on the
region in the country, biodiesel is produced from
different feedstock sources (Pinto et al. 2005), but
soybean oil (78%) and beef tallow (18%) are the
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materials used in the country for the production
of biodiesel and ethanol, respectively (Table II)
(CONAB 2014a, b).

TABLE 11
Planted area of the main Brazilian crops, in 2014.

Crop Planted area (million ha)
Soybean 30.2
Corn 15.8
Sugarcane 9.0
Bean 33
Rice 2.4

Source: CONAB (2014a, b).

The largest user of water is agriculture with
about 70% of the available freshwater in the
globe. However, the amount of freshwater used
for irrigation purposes in arid developing countries
may account for as much as 90% of total water
use (Brazilian et al. 2011, Sato et al. 2013). Thus,
over the next 40 years agriculture will have to
become increasingly efficient in its use of water
through improved management of irrigation, the
development of cropping and livestock production
systems that use water more efficiently. Also
reductions in water loss from agricultural systems
and improved watershed management are highly
suggested (FAO 2010).

The water requirements for the production
of biofuels depend on the type of feedstock used,
beyond the geographical and climatic aspects.
However, the cultivation of the raw material is the
step that requires more intensive use of water being
often withdrawn from local point sources and may
have impact on the quality and quantity of water
(Dominguez-Faus et al. 2009). Gerbens-Leenes
et al. (2009b) establish a comparison between the
blue water footprint and green water footprint,
which estimated the amount of water requirements
for the production of ethanol and biodiesel from
different raw materials, evidencing the superior
use of blue water for both soybean and sugarcane
compared to the use of green water.
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In 2011, world production of liquid fuels from
biomass totaled 2.1 million barrels per day, or
about 2% of the energy supplied by all liquid fuels.
Among the projections to 2040, it is estimated
that will be produced almost 6 million barrels of
biofuels per day, registering an increase of about
200% (EIA 2013).

Since the 1970s, ethanol production in Brazil
has increased considerably with the creation of the
Brazilian government program Pro-Alcohol, for
trying to solve the energy crisis at that time. This
program aimed to increase the production of agro-
energy crops and industrial processing capacity, in
order to obtain alcohol to replace gasoline (Bray
et al. 2000). Ever since, Brazil utilizes sugar cane
for ethanol production through fermentation. In
turn, the ethanol produced in United States and
Europe is mainly from maize, and from wheat
and barley, respectively. In Brazil, the widespread
availability of flex-fuel vehicles (promoted through
tax incentives) combined with the rising oil prices
have led to a rapid growth in bio-ethanol and sugar
cane production since 2000. Today, more than 80%
of the current Brazilian automobile production has
flexible-fuel capability (Balat and Balat 2009).

On the other hand, diesel specifications in
Brazil have historically changed, especially with
the creation of National Program for Production
and Use of Biodiesel (PROBIODIESEL) in 2002,
to encourage the use of transesterified vegetable
oils in the national energy matrix (Ramos et al.
2003). In 2005, there was a significant change in
Brazilian diesel through the Biodiesel Program,
which determined a gradual addition of 2% to 5%
biodiesel to diesel (that are then named B2 and
B5, respectively) fuel that would be implemented
up to 2013. Instead, from 2010 to June 2014, the
B5 mixture and then B6 had already been adopted.
Currently, the Brazilian Government adopts the
addition of 7% of biodiesel (B7) to diesel, since
November 2014 (Martins et al. 2012, Matoso 2014,
MME 2014).
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The blend of biodiesel in mineral diesel is a
reality in Europe, the United States and Brazil. In
late 2010, Brazil had 64 plants producing biodiesel
authorized by the Brazilian National Agency of
Petroleum, Natural Gas and Biofuels (ANP) for
operation, corresponding to a total authorized
capacity of 13,155.33 m® day!. Of these 64 plants,
47 had authorization for commercialization of the
biodiesel produced, corresponding to 11,542.80 m?
day! capacity. Today, there are 61 plants producing
biodiesel authorized by the ANP for operation in the
country, corresponding to a total authorized capacity
of 21,167.79 m® day’!, with a total production of
2,917,488 m?, in 2013, and of 1,253,333 m> between
January and May 2014. However, the total capacity
of authorized biodiesel production can be increased to
1,326.72 m? day’!, which represents a 6% increase in
current capacity (ANP 2010, 2014a).

In 2013, Brazil accounted for the sale of
11,754,963 m* of hydrous ethanol and 2,917,488 m?

1.60E+08
H Hydrous ethanol

® Biodiesel*

1.20E+08

Sales of fuels (m3)

0.00E+00

of biodiesel, which corresponds to 8.6% and 2.1%,
respectively, of total volume of petroleum-based
fuels sales (ANP 2014b). Nowadays, with the
significant increase in the Brazilian fleet (increase of
36,658,501 vehicles in 2003 for 84,063,191 vehicles
in June 2014) (DENATRAN 2014), the sales of
ethanol and biodiesel are increasing every year as
can be observed by the evolution of fuel sales in
Brazil in recent years, with a consequent increase in
demand by the production of these fuels (Figure 6).
However, since the ethanol production is regulated
by the fluctuation of sugar price in the International
Market, the availability of ethanol in domestic
market has been decreasing in late-2013 and 2014. In
this way, the ethanol price has been suffering a sharp
rise what has been obligating Brazilian consumers to
decrease the proportions of ethanol use in their cars,
then using more gasoline. This would potentially
change the panorama of ethanol sales in the next one
or two years if this trend continues.

w Petroleum-based fuels**
8.00E+07 -
4 .00E+07

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure 6 - Evolution of fuel sales in Brazil from January/2003 to June/2014. * Whereas the total volume
of biodiesel produced was sold, since 2005; **Petroleum-based fuels: hydrous ethanol, gas, aviation gas,
liquefied petroleum gas (LPG), fuel oil, diesel oil, aviation kerosene and illuminating kerosene (Source:
ANP 2014b). For interpretation of the references to color in this figure legend, the reader is referred to the

web version of this article.
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Despite the biofuel use contributes for redu-
cing greenhouse gas emissions, the production of
these fuels could demand a more intensive water
use than the production of some kinds of fossil
fuels. Some authors assert that the large-scale
biofuels production can significantly affect the
overall water footprint, although the actual stress of
water resources depends on the feedstock type and
cultivation practice and on the local hydrological
background (Bernardi et al. 2013, Cai et al. 2013).

Some authors cite the criticisms that biofuels
receive due to the need of large amounts of water
for their feedstock production, and this could cause
large-scale water scarcity. Compared with the other
fuels, ethanol from sugar cane stands out for its higher
water demand in the industrial process. It is estimated
that around 2,516 liters of water are used to produce
one liter of ethanol from sugar cane. According to
studies about water footprint, in 2030, to meet the
demand of gasoline and sugar cane ethanol will be
needed 613.2 km?® year™! of green water to cultivate
sugar cane. However, recent studies have shown that
through planning the reuse of water in the process
of producing biofuels, the figures for water demand
can be significantly reduced (Gerbens-Leenes et al.
2009b, Chavez-Rodriguez and Nebra 2010, Chavez-
Rodriguez et al. 2013). On the other hand, there are
reports that when considering irrigation system for
the corn ethanol production, it is used between 350
and 1,400 L water per liter of ethanol, depending
on the region where corn is cultivated (Dominguez-
Faus et al. 2013). Thus, in the 2013/2014 harvesting
season, Brazil produced about 27,735,856 m® of
ethanol from sugar cane per day, which may have led
to a consumption of up to 321 billion liters of water
during the production of this fuel (UDOP 2014).

Generally, estimates indicate that are used of
aproximately 108,000 L GJ! of water with soybean
for biodiesel production as well as 394,000 L GJ!
with sugar cane for ethanol production. Moreover,
there also are values about to 50 L GJ' and 14 L
GJ! in the transformation of ethanol and biodiesel,
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respectively (McMahon and Price 2011). For the
production of biodiesel from soybean, it is estimated
that is used, on average, 13,676 liters of water per liter
of fuel produced, distributed at different stages of the
production process (Gerbens-Leenes et al. 2009b).

In Brazil the total consumption of water needed
for the production of sugar cane ethanol is distributed
in different steps in the production process, such as
sugar cane washing (5,330 L), extracting/grinding
(400 L), juice concentration (30 L), electrical power
generation (70 L), fermentation (4,000 L), distillery
(4,000 L) and other steps (800 L), considering the
total water consumption in each stage per metric ton
of sugar cane (McMahon and Price 2011).

In Brazil, only 1% of the total area used for sugar
cane growing is irrigated. In turn, approximately
45% of sugar cane production is used for ethanol
production. Itisnoteworthy that the total consumption
of water in cane sugar crop may vary from 1100 to
1800 mm per year, reaching peaks in the range of
6 to 15 mm per day, depending on the duration of
culture or location of farming (Carr and Knox 2011).
But in Brazil, this amount of water mainly comes
from rainfall. As for the soybean crop the water
requirement increases with the development of the
plant, which the amount of water required by the
crop for optimum performance, varies between 450
and 800 mm per cycle (7-8 mm per day) (Catuchi
et al. 2012). However, the rapid growth and sheer
scale of the biofuel sector has potentially negative
implications for all four dimensions of food security
— availability, access, stability and utilization — as
it may increase the competition for land and water
resources (FAO 2013).

Water is scarce in many countries due to an
increase in industrial and agricultural demands
causing a competition between the use of water for
production of food and energy. In this sense, for the
development of agricultural activities, irrigation
is responsible for consuming 70% of surface and
ground water used worldwide (FAO 2013, Lawford
etal. 2013, Zhang et al. 2014).
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To meet the increased demand for biofuels is
necessary intensification of agricultural activities
such as tilling more land and higher agrichemical
application. Despite the potential of biofuels to
alleviate dependence on foreign oil, there is the
aggravating that often there may be water pollution
by agricultural drainage containing fertilizers and
pesticides, contaminating streams, rivers and
lakes, and cause eutrophication of receiving water
bodies. Solute transport processes can result in
the migration of pesticides from the soil surface,
facilitated by water from irrigation or rain, leading
to the movement of these chemicals, which can
contaminate water resources (Smith et al. 1999,
Dominguez-Faus et al. 2009, Rodriguez-Liébana
et al. 2014, Zhang et al. 2014).

Studies on the impact of biofuel production on
water quality have shown that the eutrophication
process (increased concentration of nutrients,
especially nitrogen and phosphorus in water
bodies) can promote excessive plant growth and
decay of aquatic systems, leading to an increase
of phytoplankton, decreased dissolved oxygen,
increased turbidity, loss of biodiversity, reduction of
commercially important fish, and other undesirable
ecological effects (Delucchi 2010).

The various fertilizers applied are not used
by different cultures, promoting leaching of
large amount of it into water resources, resulting
in increased concentrations of nitrates, nitrites,
sulfates and phosphates
(Azizullah et al. 2011). Intensive agricultural
activities and improper rural infrastructure are
recognized as the main causes of water pollution

ammonia, in water

of groundwater in biofuels production. In most
cases, the negative impacts result from use of
fertilizing products, improper storage of fertilizers
and poor wastewater management. In this way,
analysis of groundwater quality revealed that
agricultural activities cause a significant increase
in the total nitrogen concentration (27.5 mg N,
dm™?), nitrates (20.6 mg N-NO; dm™) and sulfates

(296.2 mg SO, dm™) (Orzepowski et al. 2014).
Overuse and mismanagement of mineral fertilizers
have polluted groundwater to different degrees in
almost all developed countries and, increasingly, in
many developing countries (FAO 2010).

The national average amount of fertilizers
marketed by Brazilian State presented about to 170
kg ha’!, in 2011, highlighting the states of Minas
Gerais (310 kg ha™!), Goids (240 kg ha'') and Espirito
Santo (230 kg ha!), being the first two among the
largest consumers of pesticides in the country as
well. It is estimated that, in 2013, has been marketed
31 million tons of fertilizers in Brazil, which may
cause the risk of contamination of underground
aquifers. The regions whose basins have headwaters
in Minas Gerais (such as the Rio Doce and Rio
Grande Basins) are those in which there is greater
consumption of fertilizers mainly of nitrogen and
potassium, by acreage (ANA 2013, ANDA 2014).

Brazil has presented significant constraints to
the expansion of agricultural land since this increase
would necessarily occur through productivity
growth, i.e. produce more in the shortest possible
space (Zarbin et al. 2009). Thus, the use of
agricultural fertilizers and pesticides should become
even more intensive, which would be necessary for
agricultural productivity to meet the demand for
biofuel production. This fact is shown in Figure 7,
which it is possible to note that between 2005 and
2012 there was an increase in the consumption of
fertilizers and pesticides. The observed increase in
those years have been alarmingly risen principally
after 2010, showing an increase of about 20% per
year. However, it is now observed some stagnation
in the production of these crops.

In addition to problems caused by the excessive
use of fertilizers, intensive use of pesticides on areas
nearby rivers and lakes is one of the main problems
that promote contamination of water bodies. An
estimated quantity of 2.5 million tons of pesticides is
used in the world annually with continuous increases
every year (US EPA 2011). Pesticides applied to crops
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can persist in soil for several years, and may reach
the surface and groundwater. Thus, drinking water
may be an important form of human exposure to
contamination by pesticides transported and dissolved
in water. For environmental and drinking water, the
maximum admissible concentration of a single
pesticide compound established by the European
Union (EU) is 0.1 pug L as well as 0.5 ug L' is the
maximum allowed for the total concentration for all
pesticides found together (Menezes Filho et al. 2010,
Azizullah et al. 2011, ANA 2013).

There are studies reporting the presence of
pesticides in surface and groundwater in Brazil
has been performed mainly involving the class of
organochlorines, which many of them have been
banned in the country since the 1980s. This is
attributed to the large amount of pesticides used
in agriculture to maintain the high productivity of
different crops such as soybeans, sugar cane, corn
and cotton (Nogueira et al. 2012).

This fact causes great concern because only
0.1% of the amount of pesticides used in the field
reaches the specific target, while the remaining
99.9% possess the potential to affect different
environmental systems, such as air, soil, surface
water and groundwater. Accordingly, water
pollution by overuse of agrochemicals in cropping
systems has negative impacts on a very large scale
and can cause aquatic dead-zones that spread
out over large areas. Therefore, the presence of
pesticide residues in water, and other environmental
compartments, has been related as a probable cause
of increased rates of cancer and the incidence of
other diseases that affect the human population
(Pinheiro and de Andrade 2009, FAO 2010).

Pesticides of different chemical classes have
been detected in studies of surface and groundwater
in Brazil (Table III). Some pesticides commonly
used in soybean crops are chlorpyrifos, a-endosulfan,
B-endosulfan, flutriafol, malathion, methyl parathion
and glyphosate (Nogueira et al. 2012). In the
cultivation of sugarcane has been registered the

current use of the following pesticides hexazinone,
diuron, tebuthiuron, 2,4-D, glyphosate, ametryn,
paraquat, endosulfan, metribuzin, clomazone,
imazapic, atrazine, acetochlor, terbufos, imidachlopid
and chlordecone (Lehtonen 2009).

It is noteworthy that, in Brazil, the presence of
some pesticide residues in water bodies is regulated,
in which the presence of the substances listed in
Table IV shall be handled in accordance with their
respective maximum values allowed (Brasil 2006).

Analysis of the pesticides presence belonging
to different chemical classes in surface water and
groundwater samples in the Brazilian State of
Sergipe showed that compounds found presented
concentrations up to 3.65 ug L'!. It is noteworthy that
the levels of contamination by methyl parathion in
groundwater samples were quite significant compared
to the maximum limit established by the Ministry of
Health in Brazil (0.04 pg L™"). This fact is of extreme
concern since the local population uses groundwater
for personal consumption (Menezes Filho et al. 2010).
Pesticides such as dimethoate, methyl parathion,
permethrin and ethion were detected in water samples
collected in an irrigation field in Sdo Francisco River,
located inthe state of Sergipe (Brazil), in concentrations
up to 2.99 pg L' for dimethoate. The concentrations
of the pesticides analyzed exceeded the maximum
permissible limit values set by European Union
legislation for the individual pesticides. However,
tap water samples were analyzed and showed that the
concentrations of permethrin and methyl parathion
were below the maximum permissible levels by the
Brazilian Legislation (Pinheiro et al. 2011).

Alternatives for reduction of carbon emissions
have been important in transportation energy
sector following the world preoccupation to global
climate change. Although, considerations about the
fossil fuel alternatives are necessary to understand
not only the implied costs and impacts regarding
carbon emissions but also potential impacts on
land use, water footprint and other environmental
impacts (Harto et al. 2010).
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TABLE III
Levels of pesticides of different chemical classes found
in surface and ground water in Brazil.*

Chemical classes Wate'r Concentr_f‘tmn References
matrix (ng L)

8 organochlorines and 3 metabolites surface 0.01-0.052 Caldas et al. 1999
2 organophosphorus, 1 pyrethroid, 1 dinitroaniline, -
2 organochlorines, 1 phtalimide and 1 chloronitrile surface 0.200-5.660 Filizola et al. 2002
S pyrethroids, 8 organophosphorus, 2 chloroacetamides,
1 dinitroaniline, 4 organochlorines, 5 triazines, 1 chloronitrile, surface 0.002-0.174 Laabs et al. 2002
1 triazole and 3 metabolites
1 chloroacetamide and 3 triazines surface 0.030-0.100 Azevedo et al. 2004
1 benzothiazinone, 1 1s0xazphd}n0ne, 1 anl.hde,_ surface/ 0.500-2.000 Primel et al. 2005
1 alkylchlorophenoxy, 1 quinolinecarboxylic acid ground
5 Organophosphorus surface 6.700-27.400  Santos Neto and Siqueira, 2005
3 tr1a21ne§, 1 dinitroaniline, 1 chloroacetamide and surface/ <0.023-1.732 Dores et al. 2006
2 metabolites ground
13 Organochlorines, 1 chloroacetamide and 4 metabolites surface 0.005-0.390 Rissato et al. 2006
2 triazines, 1 organophosphorus, 1 isoxazolidinone and surface 0.06-15.69 .
1 neonicotinoid ground  0.08-10.84 Bortoluzzi et al. 2007
3 carbamates, 4 neonicotinoids, 1 strobilurin, 1 benzimidazole, ground <LOQ-68.790 Carbo et al. 2008
2 benzoylurea and 1 phenylurea
1 carbamate, 2 imidazolinone, 1 quinolinecarboxilic acid, .
1 triazopyrimidine sulfonamide, 1 triazole and 1 metabolite surface <LOQ-1.400 Silva etal. 2009
1 benzothiaxinone, 1 anilide, 1 clomazone, 1 isoxalidinone,
1 quinolinecaboxilic acid, 1 alkylchlorophenoxy, 1 carbamate, surface 0.100-7.000 Marchesan et al. 2010
1 imidazole and 1 phenylpuyrazole
6 orgaqophosphoms, 3 pyrethr01ds,.2 1m1dazol§s, surface/ 0.13-3.65 Menezes Filho et al. 2010
2 strobilurins, 1 carbamate, 1 tetrazine and 1 triazole ground
3 organophosphates and 1 pyrethroid surface <LOQ-2.99 Pinheiro et al. 2011
1 triazine, 3 metabolites, 3 organophorphorus, surface 0.02-9.33 .
1 organochlorine, 1 triazole and 1 chloroacetamide ground 0.18-57.11 Nogueira et al. 2012
* Modified from Nogueira et al. 2012.

TABLE IV

Maximum values of pesticides recommended for
drinking water in Brazil* (Brasil, 2006).

Maximum allowed

Maximum allowed

Pesticides values (ug L") Pesticides values (ug L)
Alachlor 20 Hexachlorobenzene 1
Aldrin and Dieldrin 0.03 Lindane (y-BHC) 2
Atrazine 2 Metolachlor 10
Bentazone 300 Methoxychlor 20
Chlordane (isomers) 0.2 Molinate 6
2,4-D 30 Pendimethalin 20
DDT (isomers) 2 Pentachlorophenol 9
Endosulfan 20 Permethrin 20
Endrin 0.6 Propanil 20
Glyphosate 500 Simazine 2
Heptachlor and . .

Heg tachlor epoxide 0.03 Trifluralin 20

* Modified from Brasil, 2006.
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CONCLUSION

The Brazilian energy matrix is diversified. After the
World War 11, at the end 1940s and the beginning
1950s, with the start of the nuclear age in the world,
Brazil started to invest in S&T for the development of
nuclear power stations for electric energy generation.
In advancing the knowledge about nuclear science
in the country together to agreements with other
countries, Brazilian scientists were able to get the
needed expertise in the field and the country could
start the nuclear power stations in the Rio de Janeiro
coast. Just after some years, at 1953, it was found oil
reserves in the state of Bahia. Under the slogan “O
Petroleo ¢ nosso” (“The oil is ours”) the Brazilian
Government has created the state oil company
Petrobras and has established the state monopoly on
the petroleum exploration, refining and transportation.

Following, with the oil crisis in the 1970s,
Brazil has decided, in order to not to be excessively
dependent of oil imports, to start the Pro-Alcohol
Program. This program has helped to develop the
use of sugarcane ethanol as an alternative fuel to
fossil diesel and gasoline. For this, it was necessary
to scale up the process for producing commercial
ethanol plants and to either adjust or develop vehicle
engines. Today, this is areality since the Brazilian fleet
is divided by flexfuel, gasoline, ethanol, and diesel
automobiles. Our petrol stations commercialize
sugarcane hydrated ethanol, gasoline blended to
20-25% of anhydrous ethanol, and diesel. In 2002,
the Brazilian Government has started the National
Program for Production and Use of Biodiesel and in
2005 the decree that established the compulsory and
gradual addition of biodiesel to fossil diesel up to
the proportion of 5% (v/v) biodiesel to diesel (B5).
Nowadays it is adopted B7. The alternative biofuels
have been implemented in the Brazilian energy mix
together to the renewable forms of electric energy
generations (such as hydropower stations and wind
power) have given to Brazil a unique position in the
global energy matrix system.

More recently, in 2008, Brazil has found the
ways to exploit conventional oil and the associated
natural gas in the Pre-salt what has virtually given
the oil independency from importations. This fact
has been celebrated since then. However, Brazil
has been investing large amount of money in S&D
in order to get adequate technology and enough
innovation to fully exploit the recoverable oil from
Pre-salt in the Santos and Campos Basins. But
the Pre-salt oil production still has to be raised to
address the domestic oil demand. Perhaps it might
cost more and take more time than estimated
previously. And the country must be ready and get
planned for this situation. The recent discoveries
of unconventional extraction by fracking process
of oil and natural gas from shale formations
would be such a way to have a good fossil fuel
alternatives until all bottlenecks regarding Pre-salt
oil exploitation be overcome as well as to get an
even more diversified energy matrix for Brazil.
However, the exploitation of unconventional
oil and gas in Brazil will also depend on the
domestic expertise development together to a real
evaluation about environmental (water, carbon, and
ecological footprints), and social (land use) issues.
The viability of these endeavors still needs to be
reached by the Brazilian policymakers. But we will
see what come next.

ACKNOWLEDGMENTS

Authors thank the INCT for Energy & Environment,

Conselho  Nacional de  Desenvolvimento
Cientifico e Tecnoldgico (CNPq), Coordenacao
de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES) and Fundacdo de Amparo a Pesquisa do

Estado da Bahia (FAPESB).

RESUMO

Considerando com as exigéncias de economia de
energia e redugdo de emissdes de carbono, o nexo dgua
vs. energia vem alcangando destacado interesse em

todo o mundo. O Brasil ocupa uma posi¢ao singular
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na matriz energética mundial. A maior parte das
habitac¢des brasileiras tem eletricidade; e a expansdo
da matriz energética que, a principio, possui meios
adequados para sustentar o crescimento econdomico,
pode experimentar transformagdes. A determinacdo do
Brasil pelos combustiveis alternativos foi uma escolha
natural, dado seu potencial hidrelétrico e a extensdo de
terras agriculturaveis. No setor de transportes, o Brasil
desenvolveu sua matriz energética com importante
contribui¢do do etanol e do biodiesel. Embora esses
combustiveis sejam baixos emissores de carbono, nao
sdo alternativas acessiveis quando considerados o uso
da terra, seguranga alimentar e water footprint. Desta
forma, considerando os recentes avangos na explora¢do
de petroleo do Pré-Sal (9-15 milhdes de barris) e as
recentes descobertas de jazidas de gas de xisto (245
tcf), juntamente as questdes sociais e ambientais
desfavoraveis dos biocombustiveis, a matriz energética
brasileira podera voltar a ter como foco os combustiveis
fosseis. Estes desafios deverdo ser resolvidos nas
proximas décadas, refletindo ndo sé no Brasil, mas

também em todo o mundo.

Palavras-chave: energia renovavel, combustivel fossil,

agua-energia, matriz energética brasileira.
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