Latin America

RE IN LATIN
AMERICA

Actual State and Potential of Renewable Energies in the Region

Due to its large landmass situated near to the equator, the Latin
American continent receives abundant solar radiation with rela-
tively little seasonal variation. That huge potential enables the
extensive use of renewable energies: Direct solar energy use via
photovoltaics or solar thermal converters and indirect use via
biomass, wind or hydro-power converters. Stefan C.W. Krauter
and Johannes M. Kissel present an overview of the different uses
of renewable energies in Latin America (with a focus on Brazil).

hile the use of hydropower and
Wbiomass in Latin America has
progressed considerably over the

previous decades, wind, solar and geother-
mal potentials are still vastly underutilized.
Currently there is no general grid feed law,
but rather many diverse projects instead.
Despite the vast potential, a substantial
Latin American renewable energy industry
does not yet exist (aside from the produc-
tion of solar thermal systems, biomass con-
verters, hydro power turbines and small
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Figure 1: Brazil's and Paraguay's 14 GW hydro==""
power plant ITAIPU at border-triangle Brazil-Paragua I
Argentina: still the largest power plant on the planet

' u%ﬁmfgguz‘anag of 30 GW plant in China).

scale wind turbines). The huge potential in
renewable energies and its inherent political
advantages, such as liberation from fossil
fuel imports, is in the process of being rec-
ognized by the public, government and the
industry. For the years to come, promising

initiatives and programs are on their way.

The Brazilian experience

In Latin America, despite rich renewable
energy resources, only a few countries are
‘actively working to develop policies, insti-

tutional settings, financing schemes, indus-
trial infrastructure, human resources and
other necessary elements, to facilitate the
introduction of renewable energy as part of
their energy supply options’ [1]. Due to its
vast size (47% of the area of South
America), abundant natural resources,
favourable climate, and efforts by the gov-
ernment to liberate itself from fuel imports,
Brazil is the most advanced South American
country with regard to the development of
renewable energies. Currently, however,
only hydro (Figure 1) and biomass resources
are making a significant contribution to the
country's energy supply, with the potential
of other renewables such as solar and wind

energy remaining unrealized.

Non-electrical RE use
Bioethanol

The first use of sugar cane based fuels was
recorded in 1931. Since then, ethanol from
sugar cane has always been added to conven-
tional Brazilian gasoline - especially in periods
of sugar cane over-production and low prices
on the world market. Currently, the ethanol
content of Brazilian gasoline is 24% [2].

Initially, efforts to increase the use of
renewable energies were provoked by the oil
crises in the 1970s. Today, Brazil is almost
independent from the need to import oil,
but in the 1970s, the dependency rate was
nearly 85%. The oil crises and the sharp
increase in the cost of imported oil (coupled
with a weak currency) were the fundamental
reasons for the implementation of
PROALCOOL, the world's most ambitious
bio-fuel program [3], [4].

The program was based on high subsidies
to support the entire ethanol production
process - from sugar cane production
through to the distilleries. As a result, distil-

lation capacity and sugar cane production
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Table 1: The Brazilian PROINFA-Programme

Power Quantity Grid feed tariff (over 20 years)
source (MW) per MWh
Depends on the capacity factor CF:
CF<0.324: R$ 204.35 [US$ 67.66]
Wind power 1,100 0.324< CF < 0.419: R$ 286.78 - 254.42
[US$ 94.96 - 84.25]
CF>0.419: R$ 180.18 [US$ 59.66]
Sugar cane remains: R$ 93.77 [US$ 31.05]
Rice rinds: R$ 103.20 [US$ 34.17]
Biomass conversion 1,100 Fire wood: R$ 101.35 [US$ 33.56]
Biogas (landfills): 169.08 R$ [55.99 US$]
Small hydro power 1,100 R$ 117.02 [US$ 38.75]
The tariffs are based on a price indicator (IGP-M/FGV).
Minimum tariff is tied to the consumer tariff: 90% for wind, 50% for biomass, 70% for small hydro
power plants.
Values are based on exchange rates at 8/10/04: 1.00 R$ = 0.331 US$

increased considerably and the percentage of
the admixture of ethanol to conventional
gasoline rose to a level of nearly 20% by the
end of the 1970s. With the start of mass
production of ethanol cars in Brazil at the
beginning of the 1980s, the PROALCOOL

program entered a second phase: the gov-
ernment fixed the price of the new gasoline
at 30% lower than that of conventional
gasoline price. Such price-fixing and addi-
tional tax incentives for the purchase of
ethanol cars led to the quick dominance of

the ethanol car in the Brazilian market
(between 1984 and 1986 sales of ethanol
cars grew to 90% of the total car market)
[5]. This rapid change did, however, result
in some negative social and environmental
impacts, with the diversion of government
subsidies away from public transport to
individual car ownership [6-8].

The price of oil fell in the early 1980s, but
ethanol production capacity rose faster than
demand with many sugar cane producers in
Brazil investing in ethanol production facil-
ities on the back of low world sugar cane
prices. Consequently, subsidies for enlarging
ethanol production facilities were abolished
in the mid-1980s. But the price advantage
of bio-ethanol led to continuing demand for
the fuel and for ethanol cars [9], [10]. At the
end of the 1980s, world sugar prices rose
again, thus making sugar export more
attractive to Brazilian producers. The reori-
entation of the country's sugar industry
towards the production of sugar for the
world market caused a severe shortage of
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bio-ethanol in Brazil. As a result, and rein-
forced by relatively low oil prices, Brazilians
lost confidence in the fuel and ethanol car
sales dropped to nearly zero in the 1990s (<
0.5% of total car sales). Nevertheless,
ethanol production continued at a high level
(between 11 and 14 million m3/year) to serv-
ice the existing ethanol fleet, and to supple-
ment conventional gasoline with 24%
ethanol [2]

Considerable progress in the distillation
process of ethanol combined with low sugar
prices enabled the price of ethanol to drop to
almost 50% of that of gasoline during the
last years - very competitive even without
subsidies and led to a considerable increase
of alcohol cars. Although the fuel consump-
tion of an ethanol car is 10%-15% higher
than that of traditional fossil-fuelled vehicles,
the cost advantage for the consumer is still
substantial. The recent large-scale introduc-
tion of 'flex-fuel' cars on the Brazilian market
has once again led to an increased demand
for ethanol fuel. Such cars can be refueled by
any mixture of ethanol and conventional
gasoline without the need for any adjust-
ments. Car owners can spontaneously decide
at the petrol station which type of gasoline
they want to buy. The flex-fuel cars, which
are generally sold at the same price as con-
ventional cars, are a success in Brazil.
Between January and June 2004, almost
120,000 flex-fuel cars and an additional
20,000 pure ethanol cars were sold. Together,
these represent 20.4% of all private cars sold
in the first semester of 2004 (compared to
6.9% in 2003 and 4.3% in 2002).
Volkswagen Brazil and General Motors esti-
mate that within two or three years, their
complete fleet will be composed of flex fuel
cars. The future of bio-ethanol in Brazil

looks very promising [11], [12].

Solar thermal

The main, and most cost-efficient, application
of solar thermal systems in Brazil is in the sub-
stitution of widespread electrical showerheads.
Typically, these showerheads heat the flow of
water via a very simple 4kW electrical heating
device and are readily available for US$5.
Most showers are used when people return
home from work, with utility companies
recording an absolute peak load between 6.00-
9.00 pm. The electricity companies have cal-
culated that each installed electrical shower-
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head causes investment necessities of at least
US$ 1,800 for peak load power plants at the
utilities. As the cost of a typical thermosiphon-
based solar thermal system starts at US$ 700,
the uilities could save about US$ 1,100 per
household just by providing a free solar ther-
mal system. Due to Brazil's favourable condi-
tions - high solar irradiances and limited sea-
sonal flux - nearly 100% solar coverage could
be achieved using relatively simple, locally pro-
duced equipment. There are about 30 manu-
facturers in Brazil, typically producing a 2-4
m? flat-plate collector and a warm water stor-
age tank (horizontal cylinder type) of 200-400
liters, often equipped with a spare electrical
heating device (rarely utilized).

The cost of such a system, for a four-per-
son household, is between 700 and 900 US$
plus 150 to 300 $US for installation.
Assuming that each person took a daily 15-
minute shower and the price of electricity
was 0.1 US$/kWh, the most cost-efficient
solar thermal system would pay for itself
from savings in electricity bills within three
years - without subsidies. The Brazilian
National Surveillance and Certification
Institute (INMETRO) has repeatedly tested
the conversion efficiency of solar thermal
collectors and is in the process of rating and
labeling them. Unfortunately, most house-
holds are not equipped with a hot-water tube
system and thus installation is not conven-
ient. Nevertheless, 2,037,000 m2 of solar
thermal collectors have been installed since
1983 in Brazil by about 100 local companies
[13]. Figure 2 shows a modern Brazilian solar
thermal system with an integrated hot water

storage device at the collector.

Electricity generation
Renewable energy electrical power plants are
either connected to the national electricity
grids or work autonomously off-grid.

Grid-connected power generation

The electricity sector is dominated by big
hydro power plants that udilize the huge
freshwater reservoirs of Brazil. These hydro
power plants currently generate about 86%
of the country's electricity [14]. According to
the "Agéncia Nacional de Energia Elétrica"
(ANEEL), 67,630 MW of hydro power rep-
resents a little more than a quarter of Brazil's
potential 260,000 MW [15]. But the erec-
tion of big hydro power plants has had

adverse social and environmental repercus-
sions, with the ﬂooding of vast areas. This
has implications for the remaining hydro
potential, which is typically characterized by
vast amounts of water whose power-generat-
ing potential is offset by low altitude differ-
entials and low flow speeds which would cre-
ate the need to flood even larger areas [16].

A change of attitude by the Brazilian
Government, towards more diversified elec-
tricity generation, was prompted by the 2001
energy crises. A long period of low investment
in generation capacity, which began with the
partial privatization of the electricity sector,
was followed by a focus on maximizing the
use of existing capacities and a relatively dry
period which left the hydro power plants
much below their nominal generation capaci-
ty. A substantial gap between increasing ener-
gy demand and stagnating electricity genera-
tion forced energy rationing, with severe eco-
nomic consequences [17].

Apart from the establishment of gas power
plant, the Government undertook the most
ambitious program in Latin America for con-
necting renewable energy sources to the elec-
trical grid - PROINFA (see Table 1) [18],[19].
Implemented in 2002, PROINFA supports
electrical generation via biomass, wind and
small hydro power plants up to a maximum of
3,300 MW (1,100 MW each sector) during
the first phase of the program, which ends in
2006. The PROINFA program should espe-
cially benefit the wind sector which has been
stagnant in the last few years at only 22 MW
total capacity (Figure 3).

With an installed power of 1,155 MW and
2,734 MW respectively, biomass and small
hydro power plants contribute 4% of Brazil's
electricity generation capacity [15]. The invi-
tation to tender, which closed in May 2004,
attracted projects totaling 6,600 MW, with
potential wind projects of around 3,600
MW. Only biomass projections did not reach
the 1,100 MW limit set by PROINFA. At
the end of May 2004 the selected projects
had been published [20]. In the competed
wind sector some selected projects had to be
replaced afterwards, because of some irregu-
larities in the habilitation process of these
wind projects. The methodology applied in
the replacement process by Eletrobrds has
been qualified as illegal by a competing wind
company that issued a lawsuit. [21].
PROINFA works in a similar way to the

www.re-focus.net



>

-
1\

Figure 2: Brazilian solar thermal systems;
collectors with integrated storage, substituting
electrical showerheads.

typical feed-in tariff system found in some
European countries, such as Germany and
Spain. Investors are guaranteed that the elec-
tricity generated by their renewable energy
power plants will be purchased for a 20-year
period. The feed-in tariff paid for electricity
fed into the grid is above market price.
PROINFA doesn't determine fixed feed-in-
tariffs for 20 years, but rather a similar com-
pensation that is tied to a price index (for
actual feed-in-tariffs, see Table 1).

The Brazilian Development Bank provides
significant financial support with loans total-
ing R$ 5.5 billion (US$ 1.77 billion) at a rela-
tively low rate of interest, covering up to 70%
of the total investment costs. Reimbursement
is achieved within ten years, postponing the
first payment rate for up to six months after
the system goes into operation. The remaining
30% will be contributed by an investment
fund for energy projects supported principally
by Brazilian pension funds [22], [23].

Grid-connected PV plays only a minor role
in Brazil (only seven grid-connected systems
have been reported, mainly installed on
research centres, with a total generation capac-
ity of less than 0.1 MW). A grid-feed tariff
system for PV does not exist. Speaking at
Renewables 2004 in Bonn, Germany, on 3
June 2004, the Minister for Mines and
Energy, Dilma Rousseff, said that such a sys-
tem '...will not be introduced in the near
future ... due to unsatisfying previous experi-
ence'. However, the Minister could be per-
suaded to strengthen support for training
planners and installers through an
International University for Renewable
Energy and for better monitoring and evalua-
tion, as seen in Germany's 1,000-Roofs-PV
Program (later a 100,000 Roofs Program was
established) where 10% of the systems were

intensively monitored, ultimately leading to a
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significant improvement in the reliability and
performance of grid-connected PV.

Off-grid power generation
The aim of the "Programa de Desenvolvimento
Energético dos Estados e Municipios"
(PRODEEM), established in 1994, presently at
its "revitalization" phase, was introduced to
supply electricity generated by photovoltaics to
remote, impoverished areas in order to increase
living standards and so reduce migration to the
big cities. In total, 9,000 PV systems with a typ-
ical size of about 500 Wp, amounting to
around 5 MWp in total, were installed at a total
cost of $70 million: 67% of this off-grid elec-
trification will be for health centres and schools,
30% for PV pumping systems and 3% for PV-
powered street illumination [24].
Unfortunately, scant attention was paid to
the proper installation, operation or mainte-
nance of the systems. Projects were incorrect-
ly identified, with a main installer from the
state of Ceard noting: 'Some of the health
posts and schools which should be electrified
did not even exist, while others had already
been electrified by electrical grid extension.’'
These factors, combined with a lack of expe-
rienced installers, incomprehensible manuals
from the manufacturers, inadequate wiring,
overuse and insufficient resources to pur-
chase spare batteries, caused at least 50% of
the systems to fail. As a result, the Minister
of Mines and Energy, Dilma Rousseff, was
reported in Bonn as saying: 'PV is a poor
quality power source'. Nevertheless, Rousseff
has agreed to actively take part in the RIO 5
Congress and to discuss the issue of PV with
the scientific community and with the indus-
try. In addition, she is in favor of an
International University for RE to be set up
in Brazil to compensate educational deficits.
The university, which would act as an inter-
national forum for the exchange of informa-
tion on renewable energy technologies,
would feature a demonstration and applica-

tion centre, R&D units and training suites.

Other countries

Grid-connected projects

Most renewable energy grid-connected proj-
ects implemented in Latin America are hydro
power projects. The widespread utilization of
hydro power plants is due to the relatively low
monetary cost of their electricity generation.

Hydro power's high initial investment costs,

often maintained through long-term loans
granted during periods of military rule, are
offset by low operational costs. Without spe-
cial support schemes, hydro power is the only
renewable energy source capable of competing
in the common energy market. In Chile, for
example, the Government has neither set up
barriers to implementation nor offered incen-
tives for renewable energy technologies.
Under these conditions, 59.2% of the electric
power in Chile is generated by fossil-fired
thermo-electric power plants, 40.1% by hydro
power plants and 0.7% (70 MW) by biomass
power plants. Chile's utilization of wind ener-
gy is virtually non-existent at 2 MW [25].

In other Latin American countries, the sit-
uation for wind power generation - the fastest
growing form of renewable energy worldwide
- is similar. With the exception of Costa Rica
(71 MW installed), there is no other country
in Latin America with more than 30 MW of
wind power installed [26]. In Costa Rica,
where the Government has encouraged invest-
ment in one of the country's biggest projects -
the 24 MW Tierra Morena wind farm - fund-
ing has been forthcoming from both private
and public sources, with grants from several
banks and other institutions, including the
Danish International Development Agency.
The 15-year power-purchase-agreement with
the state-owned electrical utility, Instituto
Costarricense de Electricidad, has provided
security to investors [27]. Clearly, adequate
planning is essential for the successful imple-
mentation of renewable energy technologies

in Latin America, as well as other regions.
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Figure 3: Final check via an online-endoscope
inside a blade for a 600 kW wind turbine at
Wobben-Enercon in Pecém (35 km west of
Fortaleza): Still Latin America's only
manufacturer for large scale wind turbines.
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Off-grid programs

A key objective for off-grid programs is rural electrification,
especially for remote areas, where grid connection is prohibi-
tively expensive and where poverty is high. Such projects and
programs have been established in many Latin American
countries. Two examples, from Mexico and Chile, are high-
lighted here. The "Programa Nacional de Solidaridad”
(PRONASOL) of the Mexican government provides the
framework for one of the largest, rural, renewable energy
based electrification programs in existence. It is characterized
by the active involvement of the national electrical utility to
maintain quality control standards during the project's instal-
lation. Since the beginning of the 1990s, about 60,000 solar
home systems (SHS) and 2,500 communities, 3,500 schools,
health and community centres, as well as 13,000 rural tele-
phones and twelve mini-grids powered by renewables have
been installed. The standard SHS used in the program con-
sists of three to five fluorescent lamps (with a total load of less
than 60W), a 50Wp PV panel, a 12V 100Ah lead-acid bat-
tery, and a charge controller. Other important projects
include seven PV-wind hybrid systems and six micro-hydro
systems. The communities benefiting contribute 10%-15%
to the PRONASOL fund ($10 million a year), depending on
Government subsidies [28].

The "Proyecto de Electrificacién Rural" (PER) started in
1994 to overcome poverty, improve quality of life and integrate
rural areas into the economic and social development of Chile.
Under the umbrella of PER, a new project was created in 2001
- "Remocién de Barreras para la Electrificacién Rural con
Energfas Renovables" (Removal of Barriers for Rural
Electrification with Renewable Energies). The main goals of
PER are to: create a market for renewable energies (including
rural electrification); standardize and certify renewable energy
equipment; build capacity; implement financing mechanisms
to reduce investment risks; introduce market evaluation; col-
lect data on renewable energy resources; and develop rural elec-
trification investment projects. These varied objectives have led
to many different projects. One such is an extensive PV
demonstration project with more than 3000 PV systems sited
in isolated parts of the country. This project is supported by the
UN Development Program, the "Comisién Nacional de
Energfa" and the Chilean Ministry of Foreign Affairs, with
funding from the Global Environment Fund to the tune of
more than US$6 million. The national contribution amounts
to $26.3 million, mainly through investment in rural electrifi-
cation, state subsidies, contributions from the private sector
and financial support from the communities benefiting from
the program [29].

Conclusion

While the use of hydropower and biomass in Latin America
has progressed considerably over the previous decades,
wind, solar and geothermal potentials are still vastly underuti-
lized. Currently there is no general grid feed law, but

rather many diverse projects instead. Despite the vast
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Figure 4: Still an almost unexplored market:
2 kW cellular phone transmitter station pow-
ered by a diesel generator in Cancun, Mexico:
noise, smoke, frequent fuel refills, and mainte-

nance requirements - why not PV?

potential, a substantial Latin American renew-
able energy industry does not yet exist (aside
from the production of solar thermal systems,
biomass converters, hydro power turbines and
small scale wind turbines). The formation of
an environmental movement within Latin
America would be very beneficial towards
greater renewable energy source policies.
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