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Abstract 
 
As welfare and industry production gets higher the demand for electricity increases. Almost 
90 % of the electricity generated in Brazil is from renewable sources, 85 % of the renewable 
energy comes from hydropower. Even if Latin America has a lot of potential for wind power 
their installed capacity in only 1 % of the worlds total installed capacity. Lately more and 
more wind turbines and wind farms are appearing along Brazil’s over 7500 kilometer long 
coastline. 
 
Osorio wind farm is the largest wind farm in Latin America with a total installed effect of 150 
MW. In the same state, Rio Grande du Sul, a farmer has shown interest for using his property 
for wind power. The purpose of this project is to lay the foundation for a deeper investigation 
about using Aguapé farm’s property for wind power and to show the future possibilities for 
Brazilian wind power. 
 
The study is made on set in Brazil, divided into two parts, one theoretical research part and 
one practical part with a field trip to Aguapé farm. 
 
In 2002 The Brazilian Government launched the PROINFA program, Alternative Sources for 
Energy Incentive. This year, 2009, the first wind power projects auctions are held to increase 
the generation from renewable electricity sources. Wind power in Brazil has the highest 
production when the level in the hydropower dams are at the lowest, which by integrating the 
electrical generating wiht wind power makes it possible to save water and avoiding lack of 
electricity. 
 
Aguapé farm is located between one of the worlds biggest fresh water lakes, Lagao dos Patos, 
and the Atlantic Ocean. The location has very good wind potential, almost like offshore 
because of the closeness to large areas of water. Road connections to the farm are functional 
in good and dry weather conditions and not far away a 138kV power line passes through.  
 
Surrounding neighbors are positive to wind power which makes it easier with problem caused 
by wind turbines, for example noise. About 40 kilometers from the farm Lagoa do Peixe 
National Park is located. Suggestion from the Aguapé owner is to stop with the rice 
production, which is disturbing the park’s natural hydrological system, to use the property for 
wind turbines instead. 
 
Conclusions of the study shows that the potential for wind power at Aguapé farm is excellent 
and that wind power at Aguapé farm will help both the owner, Lagoa do Peixe National Park 
and Brazil to a better future. 
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Sammanfattning 
 
När välfärden och industrin i landet ökar blir efterfrågan på elektricitet allt högre. Nästan 90 
% av den elektricitet som produceras i Brasilien är från förnybara källor, varav 85 % kommer 
från vattenkraft. Även om Latinamerika har en stor potential för vindkraft är den installerade 
effekten bara 1 % av världens totala installerade effekt. På senare tid har allt fler 
vindkraftverk och vindkraftparker dykt upp längs Brasiliens över 7500 kilometer långa 
kustlinje. 
  
Vindkraftsparken Osorio är den största i Latinamerika, med en total installerad effekt på 150 
MW. I samma stat, Rio Grande do Sul, har en gårdsägare visat intresse för att använda sin 
egendom för vindkraft. Syftet med detta projekt är att lägga grunden för en djupare 
undersökning om Aguapé gårds egendom passar för vindkraft och att visa framtida 
möjligheter för den brasilianska vindkraften.  
 
Undersökningen har utförts på plats i Brasilien. Projektet delades in i två delar, en teoretisk 
undersökningsdel och en praktisk del med ett studiebesök till Aguapé gård.  
 
Den brasilianska regeringen lanserade år 2002 PROINFA programmet, Alternative Sources 
for Energy Incentive Program. I år, 2009, kommer den första vindkraftsprojektsauktionen att 
hållas för att ytterligare öka elproduktionen av förnybara källor. Vindkraften i Brasilien har 
sin högsta produktionsnivå när nivån i vattenkraftsdammarna är som lägst, det gör att 
integrering med vindkraft kan spara vatten i dammarna och undvika brist på elektricitet. 
 
Aguapé gård ligger mellan en av världens största sötvatten sjöar, Lagao dos Patos och 
Atlanten. Platsen har mycket goda vindförhållanden, nästan som till havs på grund av 
närheten till både hav och sjö. Väganslutningen till gården är funktionell i bra skick vid torra 
väderförhållanden och inte långt från gården passerar en 138 kV kraftledning. 
 
Kringliggande grannar är positiva till vindkraft vilket gör det lättare med problem orsakade av 
vindkraftverk, till exempel buller. Omkring 40 kilometer från gården ligger nationalparken 
Lagoa do Peixe. Ett förslag från Aguapés ägare är att sluta med risproduktion som stör 
parkens naturliga hydrologiska system, för att istället använda marken till vindkraft. 
 
Slutsatser av studien visar att potentialen för vindkraft på Aguapé gård är utmärkt och att 
framtida vindkraftverk på Aguapé gård kommer att bidra till positiva effekter för både 
Aguapés ägare, Lagoa do Peixe nationalpark och Brasiliens elproduktionssystem.  
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Prefatory note 
 
In the beginning of the autumn semester I started to look around for an interesting subject. I 
contacted a lot of municipality offices working with energy in some way or another in 
different cities and asked if there was anything they needed help with. During the autumn I 
took a course in wind power technique and decided to narrow down my searching area for 
energy in general to wind power, which made my searching easier when I knew what to look 
and ask for. 
 
Even if I started to look for a project early I was still without an interesting one when the time 
to decide had come. I had some ideas but they did not work out as planned. So I took a subject 
that was presented to me, to write a handbook in cooperative wind power ownership. It was 
not really what I wanted to do but at least it was in my favorite subject, wind power. 
 
When I meet my supervisor, Göran Sidén, to discuss the project he gave me another option; 
Halmstad University and a university in Brazil, Univates, has a crossover work with both 
students and teachers sponsored by Linneaus-Palme scholarship. Halmstad University had 
two scholarships for a whole semester at Univates but only one was taken. The second one 
was offered to me and I took it, one month later I was on the plane to Brazil. 
 
I have many to thank for this project. I will start with my teacher in wind power technique, 
Jonny Hyllander, which woke my interest for wind power. I want to thank my Swedish 
supervisor Göran Sidén, who encouraged me to go to Brazil. I like to thank him for his 
expertise during our field trip and help during the project. 
 
I also want to thank my Brazilian supervisor, Professor Odorico Kondrad, who helped me 
with the project, planning the field trip and making contacts and translations were English 
could not be used. 
 
At last I like to thank all that in some how helped me with the project. Especially Anna 
Hansson, my new friend and roommate for the last four months, for her help with grammar, 
support and friendship. 
 
I wish you a pleasant reading about Brazil’s wind power potential and developments. My own 
hope about this text is to inspire more to invest in renewable sources for a more sustainable 
future. 

 
 
 
 
 
 
Lajeado, June 2009 
Elin Karlsson  
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1 Introduction 
1.1 Background  

 
Brazil covers 49% of the total area of South America and contain close to 200 million 
habitants [1]. Brazil is a developing country making its way up to a better standard. While 
welfare and industry production gets higher the demand for electricity increases more than the 
electricity production expands [2]. This situation had led to electricity crises with regulations 
of consumption and at worst, total blackouts [3]. 
 
Along Brazil´s over 7500 kilometer long coastline wind turbines and wind farms have started 
to appear. After a successful wind power project in Osório the owner of Aguapé farm wanted 
to know if his land was suitable for wind power.  
 
This idea started to grow and a connection with Univates in Lajeado was made, which in 
return led to contacts with Halmstad University and ended up as a subject for this rapport. 
 

1.2 Purpose and aim of the project 
 

Purpose of this project is to lay the foundation for a deeper investigation about using Aguapé 
farm’s property for wind power, by doing a first investigation, calculations and assessments of 
a wind farm at Aguapé farm. 
 
Aim of the project is to survey Brazil’s electricity production and how much wind power has 
been installed until today. The aim is also to investigate how the future for wind power in 
Brazil looks regarding wind potential, financial help, availability of turbines and regulations 
concerning environmental impacts and ability to connect produced electricity to the grid. 
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2 Method 
The project first started in Sweden with a preliminary project plan. Before leaving Halmstad 
University a study of how much wind power Latin America has installed compared with the 
rest of the world was made. Investigating comparisons between Brazil’s and Sweden’s wind 
power development during the last years was also made. The information was collected from 
the magazine Wind power monthly’s January number with yearly statistics over currently 
installed wind power in the world. Collected data was from 2009 and back as long as there 
was any to find, 1997. 
 
On set in Brazil the project plan was refined and more specified after discussions with 
supervisor Professor Odorico Konrad. 
 
The project was then divided into two parts. Part one, was set up for research. Facts and data 
about Brazil’s current electricity production and consumption were cleared out. Also how 
much, where and when, Brazil has wind power installed. The research part kept on going with 
estimated potential and plans for the future along with their expanding goals. Laws regarding 
private persons selling electricity to the grid and environment impact studies for lager project 
were looked up. Information’s from this first part were all found on the internet, in scientific 
articles, news articles and statements, websites controlled by government organ and others. 
Sites in Portuguese were translated by Google translating tool or by Professor Odorico 
Konrad when Google translation did not deliver an understandable translation. 
 
The second part of the project was based on information’s about Aguapé farm. The 
information was collected during a field trip to Aguapé farm. On the field trip both supervisor 
Professor Odorico Konrad and Professor Göran Sidén participated. Göran Sidén contributed 
with his 20 years of wind power experience. Driving to and around the property, roads and 
power line connection was looked up and roughness class of the area was set (Appendix 1). 
 
During a chat with the owner, with Odorico Kondrad as a translator, information about 
property size, money making production, neighbours’ and their own thoughts about a wind 
farm on the property were found out. A both positive and negative environment impact on the 
nearby national park was brought up by the owner. 
 
Before returning to Lajeado a quick stop at South Americas largest wind farm Osorió was 
made for observation of the park layout and surrounding area.  
 
With information’s from the field trip together with wind speed and weibull shape parameter 
for the special area collected at the Wind Atlas for Rio Grande do Sul (Appendix 2) and 
power curves of selected wind turbines production calculations was made. Power curves from 
selected wind turbines were found on the producer’s web site or by email contacts to sales 
office. Calculating tool was the “The power calculator” on the Danish web site 
www.windpower.org. Productions for seven different wind turbines with different hub heights 
were made. By the results from the power calculator calculations of a wind farm containing 
10 wind turbines was made (Appendix 3). 
 
From Google Earth surrounding neighbors was spotted and pointed out on the map. Distance 
was measured and the information was used to calculate sound levels generating from the 
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wind turbines at different distance. This calculation was done by www.windpower.org sound 
calculator (Appendix 4). 
 
To find out prices for the different turbines emails to every brand’s sales office were sent out. 
It was not possible to completely compare the answers with each other and some did not give 
out any information, claiming on confidentiality between company and costumer. A new way 
to face the problem was developed. Total investments for wind farms already up and 
operating in Brazil was collected. The data was used to calculate an approximate investment 
at Aguapés farm, total investment and R$ per megawatt hour per year. Together with a 
spreadsheet used for Swedish wind power project an approximate calculation of the economic 
result and pay back time of an investment in Aguapé wind farm was made (Appendix 5). 
 
From collected data the final conclusions were made. 
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3 Result and discussion  

Part I 
 

3.1 Electricity 
 

3.1.1 Electricity generation  
Almost 90 % of the electricity generated in Brazil is from renewable sources (Figure 1). The 
by far largest electrical source is the hydropower within the rivers [4]. Brazil is one of top 
three countries in the world generating electricity from hydropower together with China and 
Canada [5]. 
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Figure 1. Electricity generation in Brazil 2007 
 
 

In the Paraná River, border between Brazil and Paraguay the world’s largest hydropower 
plant (until the Three Gorges Dam in China starts to operate) is placed, Itaipu [6]. Electricity 
generated from the Paraguayan side, which is not needed in Paraguay, is exported to Brazil.  
 
According to 2005 statistic, oil was both exported and imported [1]. Last year, news about a 
huge oil deposit outside the Brazilian coast was published. With oil from this deposit Brazil 
will be one of the top producers in the world and self-sufficient of oil [7]. 
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Two of South America’s four nuclear power reactors are placed in Brazil, one more in Brazil 
and one in Argentina, which has the remaining two, are under construction. In one of the 
neighboring countries, Uruguay, nuclear power is completely forbidden [8]. 
Electricity production from renewable sources is the most price effective way to generate 
electricity in Brazil. By the three renewable sources in Figure 2 below, wind power is by far 
the most expensive source, almost twice as much as for the most common electricity source, 
hydropower [4]. 
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Figure 2. Electricity production costs by source 

 

3.1.2 Electricity consumption 
Electricity is not an obvious asset for all habitants in Brazil. Some poor and remote parts of 
the country do not have connection to the electricity grid. In 2003 the government started the 
“Light for all” project. Aim of the project is to give everyone access to the grid. Access to 
electricity gives safer and higher living conditions together with an ability to generate an 
income. Until today 9,5 million people have benefited from the program, mostly in the north 
and northeast regions [9]. 
 
Electricity consumption is not evenly spread out over the country (Figure 3). The most 
electricity demanding areas is the southern parts that contains large cities like São Paulo and 
Rio de Janerio and along the coast were most of the factories can be found [4]. 
 
The electricity consumption has grown with the blooming economy, which in 2001 after dry 
climate and a couple of years without any big investments in new power plants led to a lack of 
electricity [3]. 
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Figure 3. Electricity consumption 2007 

 

3.2 Wind power 
The wind potential around the globe is estimated to about 500 000 TWh/year. Of that amount 
only 10% is possible to use, but it is still enough to cover the world total electricity supply 
four times [10]. 

 
According to Wind power Monthly’s yearly statistics over operating wind power capacity in 
the world, the total installed capacity was in January 2009  115 254 MW and “the feel good 
factor” was optimistic and the justification to optimistic was as follow; 
 
“The financial crisis continues to take heat out of the wind sector (not necessarily a bad 
thing); our thermometer moves down a peg. But we remain optimistic, in the belief that 
investors are fast learning that wind power is a relatively good place to be.”  

 
Europe has the most installed capacity and the leading countries are Germany and Spain. 
Sweden is at 12th place in Europe over most installed effect with 800 MW. USA is the one 
country which has most installed capacity, 25 000 MW.  
 
Even if Latin America has a lot of potential for wind power their installed capacity in only 1 
% of the world total installed capacity (Figure 4) [11]. 
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 Figure 4. Installed wind power in the world 2009 

 
 
Wind potential in Brazil is really good. Along the coastline both in the north and down in the 
south and a few spots within the country has an average wind speed over 8,5 m/s [12]. The 
highest wind speed occurs in July to December. When the flow from rivers are low the wind 
speeds are high. Figure 5 shows the relations between flow and wind speed in the northeast 
part of Brazil. This makes wind power a perfect source to use together with hydropower. 
Building a lot of wind turbines is one of the government’s attempts to protect Brazil from 
electricity crises during dry periods in the future [13].  
 

 
 

Figure 5.Variations over the year in flow and wind speed 
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According to the Brazilian Wind Atlas the wind potential at 50 meters height is estimated to 
143 GW.  

 
Brazil is the major producer of wind electricity In Latin America with 47 %. The development 
of wind power is different to the one in Sweden. As shown in Figure 6, Sweden’s 
development has been quite linear with an increasing trend for a few years. Brazil’s 
development has almost been close to absent until 2006 when the first big farm was built and 
increased the installed capacity from 48 MW to 256 MW [11]. 
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 Figure 6. Brazil’s and Sweden’s wind power development 1997-2009 
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3.2.1 Wind farms in Brazil 
Currently there are about 25 places in Brazil where wind turbines are up and operating. Most 
of them are shown in Table 1. The first wind turbine, a 75 kW turbine, was installed in 1992 
at the island Fernando de Noronha in the Atlantic Ocean [15]. 
 

Table 1. Wind farms in Brazil 
 

Wind farm  State MW Numbers  Power MW  Online  
Pedra do Sal Parnaíba 18 20 0,8 2009 
Taíba Albatroz Ceará 16,5 8 2,1 2009 
Parque Eólico Beberibe  Baia 25,6 32 0,8 2008 
Eólica Paracuru  Ceará 23,4 12 2,1 2008 
Lagoa do Mato Ceará 4,2 2 2,1 2008 
Eólica Canoa Quebrada  Ceará 10,5 5 2,1 2008 
Millennium Matacara/Paraiba 10,4 13 0,85 2007 
Parque Eólico Osório Rio Grande do Sul 50 25 2 2006 
Parque Eólico Sangradouro  Rio Grande do Sul 50 25 2 2006 
Parque Eólico dos Índios  Rio Grande do Sul 50 25 2 2006 
Rio Do Fogo Rio Grande do Norte 49,6 62 0,8 2006 
Eólica Água Doce Santa Catarina 9 15 0,6 2006 
Macau Rio Grande do Norte 1,8 3 0,6 2004 

Parque Eólico do Horizonte Santa Catarina 4,8 8 0,6 2003 
Eólica Bom Jardim da Serra Santa Catarina 0,6 1 0,6 2002 
Mucuripe Fortaleza, Ceará 2,4 4 0,6 2002 
Eólio-Elétrica de Palmas I Paraná 2,5 5 0,5 2000 
Eólica de Olinda Pernambuco 0,225 1 0,3 1999 
Eólica Prainha Ceará 10 20 0,5 1999 
Eólica de Taíba Ceará 5 10 0,5 1998 
Eólica do Morro de Camelinho Minas Gerais 1 4 0,25 1994 
Eólica de Fernando de Noronha Pernambuco 0,3 2 0,075/0,225 92/00 
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3.2.2 Wind power in Rio Grande do Sul 
Rio Grande do Sul is the state furthest south of the 24 states in Brazil. The area of Rio Grande 
do Sul is 282 000 km2 which is 3,3% of Brazil’s total area. The state has a 630 km long 
coastline to the Atlantic Ocean [17]. Rio Grande do Sul is the state with most installed wind 
power capacity so far, 200 MW and 150 MW comes from the wind farm Osorio. The wind 
potential for Rio Grande do Sul is estimated to 16 000 MW according to studies made by 
foreign wind companies [18]. 
 

3.2.3 Osório wind farm 
Osorio wind farm is the largest wind farm in Latin America with a total installed capacity of 
150 MW (Table 2). The wind farm in Osorio is actually containing three smaller farms, 
Osorio, Sangradouro and Indios, with 25 wind power turbines on 2 MW at each place. 
Together the farm produce 425 GWh/year and supply 650 000 persons with electricity. In one 
year Osorio wind farm saves 148 325 ton of CO2. This wind farm is a great example of how 
wind power is a good investment both for the environment and financially. 
 

Table 2. Fact about Osorio wind farm 
 

 
 
 
 
 
 
 
Before Osorio wind farm was considering to get a previous license and installation license 
from FEPMA The Environmental Protection State Foundation, an Environment simplified 
report was requested. A team of ten high-educated people in environment science got the 
assignment. They visited and collected data from Torres beach in the north to Lagao do Peixe 
in the south. Then it took one year to complete the report with all data, such as socio-
economics, archaeological and environmental studies about flora, fauna and physical 
environment. 
 
This study was the first of its kind in Brazil, since Osorio is the first large wind power project. 
The results are going to be used by FEPMA when consulting for new wind power projects 
[19].  
 

Capacity: 150 MW 
Electricity production 425 GWh/year 

Wind turbines: 75 x 2 MW 
Greenhouse saving: 148.325 ton CO2 

Project investment 670 millions real  
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3.3 Wind turbines on the market 
Recently there was only one wind turbine manufacturer in Brazil, but now many companies 
have discovered Brazil’s amount of wind potential. There are four major companies on the 
Brazilian wind market and two with their own manufactories [20].  
 

• Wobben Windpower 
Wobben Windpower, the Brazilian subsidiary of the German Enercon [21] was the 
first constructor of wind turbines in Brazil [22,23]. They have two manufactures and 
340 MW of installed capacity, which are almost all turbines installed to day [20]. 

 
• IMPSA wind 

Together with the German Vensys turbine [24] IMPSA has manufacturer in Brazil 
whit a manufacturing capacity of 300 1,5 MW turbines per year. IMPSA’s other 
manufacturers are in Argentina and Malaysia. IMPSA has an order of 318 MW from 
the PROINFA program. For the moment five parks are under construction, three up 
north and two in the south [20,25]. 

 
• Suzlon 

Suzlon is an Indian company, which has their most manufacturers in India but also in 
USA and China. Being the wind turbine leader in India Suzlon are now on their way to 
expand in every part of the world including Brazil [26]. The order from the PROINFA 
program is 300 MW [20]. 

 
• Vestas 

Vestas is the leading manufacture of wind turbines in the world with 20 percent of the 
market [20]. In Brazil Vestas has 200 MW to install for the PROINFA program [20].  

 

3.4 Laws 
 

3.4.1 Private electricity production 
By law it is possible to produce electricity for private use. If the production is higher than for 
private use a discussion with ANEEL, Brazilian Electricity Regulatory Agency, must be done 
about selling the electricity. If ANEEL approves and if there is a buyer the electricity it is 
possible to sell the electricity [28].  
 

3.4.2 Environmental laws 
In the early eighties a law was implemented and created a framework how to consider the 
environmental impacts as a part of the decision process of large projects, the Brazilian 
National Environmental Policy. In 1986 the Environmental Council initiative on both 
environmental impact studies (EIS) and environmental licensing system (EL) should be used, 
which was a great step forward to consider the impacts of the environment in the decision 
processes. Factors to be considered are socio-economics and activities that can cause a bad 
impact on the quality of the environment or use natural resources such as site location, 
installation, explanation and operating [29]. 
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3.4.3 PROINFA 
The Brazilian Government launched the Alternative Sources for Energy Incentive Program, 
PROINFA in 2002. PROINFA’s purpose was and still is to promote and increase the use of 
wind-, biomass- and small hydropower. BNDES, the Brazilian National Development Bank 
can give loan up to 70% of the capital cost with a low rate for projects within the PROINFA 
program [30]. 
 
The program is divided to two phases. The goal of the first phase is to build 3300 MW of 
wind-, biomass- and small hydropower, 1100 of each source. 60% of the equipments value 
must come from manufactures within Brazil. The start of PROINFA headed out well and 
many was interested to plan and start new power plants. Table 3 below shows how many MW 
of each source that was contracted in 2004 [31]. 

 
Table 3. PROINFA, expected and final contracts 

 
Source Expectation 

MW  
 Final Contract 

MW  
Biomass  1100 685 

Small hydro  1100 1191 
Wind 1100 1422 

Total  3300 3298 
 
The first phase would be finished when the contracted projects are started-up and operating 
and the deadline was set up to be in the end of 2006. But only one (Osorio) of 54 contracted 
wind farms (Appendix 6) was started and operating in time. The difficulty for wind power 
was mainly lack of financial capacity and lack of wind turbine capacity within Brazil. At that 
time constructed parts of wind turbines could not live up to the needs of 60% of PROINFA 
contracted plants. Because of these difficulties the deadline was changed to the end of 2008.  
 
But as already shown, the installed capacity in January 2009 was not close to the contracted 
capacity. Which leads to that the first phase of PROINFA is still going on.  
 
PROINFA project has a contract with the state-owned Electrobás, which will guarantee 
Electrobás buying the produced electricity for a reasonable price during the next twenty years. 
In Table 4 below, the R$/MWh calculated for 2007 is shown. 
 

Table 4. Cost of PROINFA, 2007 
 

Source MWh  Annual cost R$ R$/MWh 
Biomass  1 608 758 176 005 883 109 
Small hydro  1 472 976 200 728 618 136 

Wind 1 133 736 263 940 841 232 

Total 4 215 470 640 675 342  
 
The program is financed by all electricity costumers in Brazil except for costumers consuming 
less than 80 kWh per month. For every MWh an extra R$ 1.92 is put on the charge to pay for 
the electricity from the PROINFA program [32,33]. 
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Goal of phase II is to within 20 years from the end of phase I cover 10% of the total electricity 
consumption with wind power, small-hydro and biomass. When the goal of the first phase is 
achieved with 3300 MW about 3% of the total consumption is reached. This means that at 
least triple as much must be installed to reach the goal if the consumption stays the same as 
today.  
 
Projects in phase II are contracted for 15 years with guarantied electricity payment and 
equipment value increases from 60% to 90 % manufactured in Brazil [31]. 
 

3.5. Wind power project auction  
New wind power project will be decided through auctions. In the end of November, 2009, the 
first wind power project auction will be held. According to the president of the Brazilian 
Association of Wind Energy, the interests from global wind energy companies are massive, 
which can, if it turns out well, make wind power project auctions an annual event. The price 
he hopes for is around the same R$ 232 as Electrobás is paying today [34].  
 
Before the auction, all projects that will be participating must register their projects. For the 
registration, documents regarding technical data, environmental licensing and possible access 
to the grid must be handed in.  Production calculation must be done from wind information 
measured for at least during 12 month from not later than December 2003 and second hand 
turbines can not be used.  
 
The production amount and price (R$/MWh) are specified and the company with the lowest 
price bid wins the auction. The winning company will generate electricity and supply the 
market over a 20-year period starting in 2012 [35]. 
 
Projects from the auction do not have the same rule about the equipment as PROINFA. The 
president of the company SIIF Energies believes that without the equipment rule the 
investment cost is going to be lower and installed capacity will grow much faster [36]. 
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Part II 
 

3.6 Wind power at Aguapé farm  
Aguapé farm is located between one of the worlds biggest fresh water lakes, Lagao dos Patos, 
and the Atlantic Ocean (Figure 8). Through generations the family lived and worked at the 
farm, surrounding farms mostly belonged to someone in the extended family. 
 

 
Figure 8. Location of Aguapé farm 

 
Aguapé farm’s property, shown in Figure 9, goes from the shore of the lake, about one 
kilometer wide, and reaches a couple of kilometer towards the sea. Altogether the property is 
400 hectares with one house of living. The most income is from producing and selling rice, 
which takes up 130 hectares. The rest is used as pasture for the farms 270 bovines, 130 
sheep’s and eight horses [37].  
 

Figure 9. Property of Aguapé farm. 
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3.6.1 Wind potential 
The location of the farm is extraordinary from a wind potential view (Appendix 2).  The piece 
of land is flat and narrow with loads of water on each side, which give almost the same wind 
speeds and roughness classes as offshore. The landscape is totally flat with only a few groups 
of trees and small houses. Together with Göran Sidén the roughness class is estimated to 
between one over land and over open water it decreases down close to zero (Appendix 1). 
 
Onshore farms are cheaper to build but do not have as high production as offshore. Offshore 
on the other hand are more expensive to build and are more difficult to maintain service on 
[38]. Aguapé farm has the best from both, high wind speed and electricity production but for a 
cost of an onshore park, offshore but onshore. 
 
The prevailing wind direction is coming mostly from Lagoa dos Patos but also from the 
seaside (Figure 16) [39]. According to the owner of Aguapé farm the wind direction varies 
with the season [37]. 

 
Wind information has been collected by anemometer towers, which are placed out all over the 
state. All anemometric data as been put together to a wind atlas, Wind Atlas of Rio Grande do 
Sul (Figure 10). The first steps towards a wind atlas for Rio Grande do Sul was made in 1999 
when SEMC, Secretariat of energy, mines and communication defined standards for 
measurement techniques. In the end of 2001 the first wind atlas of Rio Grande du Sul was 
finished, using anemometric data from 21 towers. The Atlas shows annual wind speeds 
measured for at lest 12 months at 50, 75 and a 100 meters height (Appendix 3). The towers 
are between 40 and 50 meters high [39] and one is located just outside Aguapé farm’s 
property.   
 

 
Figure 10. Wind Atlas of Rio Grande do Sol, 75 meters height. 
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3.6.2 Roads and transport 
When turning off the main asphalt road to Aguapé farm the smaller roads are of varied 
quality, shown in Figure 11. The normal traffic of trucks on these roads weighs about ten ton 
and has no problem to get true the area when the roads are dry. After rainy weather conditions 
it is not possible to reach Aguapé farm with a normal car because of the muddy roads [37]. 
Another problem with the roads can be the wind. There are a lot of sand dunes along the 
Lagoa dos Patos and Atlantic coast and after heavy winds and storms, drift of loose sand can 
end up on the road making it hard to trespass.  
 
Since the roads are flat and wide in many places, it is possible to transport heavy turbine parts 
on trucks out to Aguapé farm. If some part of the road do not keep up to recommended 
conditions it is possible to make that segment of the road stronger by for example filling up 
with macadam or other road filling. Like in all other outdoor building project it is depending 
on good weather conditions.  
 
 

 
Figure 11. Roads to and inside Fazenda Aguapé property. 
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3.6.3 Power lines 
Closeness to an acceptable power line saves a lot on money. A map of power lines in the area 
is showed in Figure 13. The major electricity connection close to Aguapé farm is a 138 kV 
power line, shown in the Figure 12. As a thumb rule, it is possible to connect 30-60 MW to a 
power line of this size [40]. 
 

 
Figure 12. 138 kV power line close to Aguapé farm’s property.  

 
To do a correct estimation of how many MW that can be connected, the short circuit power 
must be decided, this is done by the power line owner [41]. Since no investigation about the 
power line circuit power has been done it is presumed that the power line is capable to 
connect about 20 MW, which has been calculated for Aguapé wind farm.  

 
Figure 13. Power line map 
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3.6.4 Environmental impact studies 
The Environment simplified report done for Osorio wind farm cover the area that contains 
Aguapés farm and as mentioned before the report is going to be a resource for FEPMA when 
consulting with new project [19].  
 
Required environmental impact studies about Aguape wind farm will perhaps not become as 
large and cost full study if the rapport from Osorio wind farm is possible to use for this 
project to. 
 

3.6.5 Noise 
Noise from wind turbines can be disturbing to people living close by. When the distance is 
more than 1 km the surrounding background sound, like wind, drowns the sound from the 
wind turbine [42]. 
 
Nearby Aguapé farm there is a few other houses, neighbours (Figure 14) [43]. At least three 
of those can end up with a distance smaller then 1 km. It is possible to hear the noise from the 
wind turbines but only neighbour 1 has the chance to get a too high sound level according to 
Swedish guidelines with a maximum sound level at 40 decibel [44]. See calculated sound 
levels in Appendix 4. 
 

 
Figure 14. Distance to Fazenda Auguapés neighbours 

 
According to the owner of Aguapé farm people living around are positive to wind turbines 
[37], which can make it possible to put them up closer to their houses than the sound level 
limit offers. With the wind calculation program, WindPro, it is possible to get a clear and 
correct overview how noise and shadows from the wind farm appears in the surrounding area 
[45]. 
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3.6.6   Lagoa do Peixe National Park. 
Lagoa do Peixe National Park is located 40 kilometer from Aguapé farm, shown in Figure 15. 
Brazilian Institute of the Environment and Natural Renewable Resources created the park in 
1986. It is covering an area of 34 400 hectares, which contain a lot of different kinds of 
landscape like beaches, lagoons, lakes, sand dunes, swamps and flooded forests. Because of 
this different type of land there is a lot of species living in the park. 
 

 
Figure 15 . Location of Lagoa do Peixe National Park 

 
It is one of the riches areas in South America concerning aquatic birds. Also many migratory 
birds have their natural resting and feeding place in Lagoa do Peixe National Park on their 
journey to other parts of Brazil or countries. The main reason to the park was to preserve the 
bird fauna. 
 
There are many threats to the park, one of them are the dams. Farmers around Lagoa de Peixe 
National Park, like Aguapé farm, build dams to regulate the water flow into the rice fields. 
This is causing serious problem to the park’s hydrologic system like drainage of the marshes.  
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Because this dam’s is outside the park’s boundary there is not much the national park can do 
about it [46] until the farmers themselves come up with a proposal. A way to get money out 
from their property without growing rice and making dams would be to lease out the property 
for wind farms [37]. 
  
This might solve one problem but create another one, depending on the migratory bird’s and 
others flying path over the planned wind farms.  
 
Research about wind turbines and birds shows that the amount of birds killed by turbines is 
very low, one collision per turbine each 8 to 15 years. Comparing wind turbines to other 
threats made by humans like power lines, traffic and buildings, which cause the death of 
hundreds of millions birds each year, the impact of wind turbines is very low [47]. 
  
Regarding the studies about birds killed by wind turbines, the threats of dehydration of the 
parks hydrologic system seems like a bigger issue.  

 

3.6.7 Park layout 
When to decide the park layout the prevailing wind direction has to be considered by looking 
at the wind rose (Figure 16) In this case the options of park layouts are very few because of 
the properties shape. There is not enough space for more than two horizontal rows without the 
turbines stealing wind of each other too much.  
 

 
Figure 16. Wind rose 

 
Some alternative lay out options are show in Figure 17 and 18. Since the prevailing winds 
comes mostly from the sides option I is better because of the bigger distance between 
turbines.  
 
If there was no limit of space, a good layout had been to put the parks as shown below, 
vertically to catch as much of the prevailing wind as possible. Since neighbours around 
Aguapé farm are mostly positive to wind power [37] if an exploration of the area is made it is 
possible that a larger piece of land is under consideration with a higher amount of turbines, 
which can be placed out in the most favorable position for generating the highest production 
possible. 
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Figure 17. Park layout I 

 

 
Figure 18. Park layout II 

 
In order to choose the best layout, which produces the most electricity, calculation can be 
done in the computer program Windpro [45]. 
 

3.6.8 Production calculations 
Productions from the seven different types of wind turbines [48] are show in Figure 19 and 
Figure 20. The production is spread out in wide spectrum. To make the comparison easier, 
focus are laid on the wind turbines around the same power capacity, 2 MW, ignore V90 3 
MW and Vensys 1,5 MW. 
 
When calculations were made the least flattering numbers was use to not show a higher 
production then possible. The lowest wind speeds and a low park effect, 90% were used 
(Appendix 3). 
 
Even if the capacities are about the same there are some differences between the lowest and 
highest wind turbine production. Enercon E-82 2 MW and Suzlon S88 2,1 MW are together in 
the higher reach and Vestas V80 2 MW and Enercon E-70 2 MW are placed around 10 GWh 
further down the scale. 

 
Figure 19. Production, GWh/ year, from ten wind turbines, hub height 78-85 meters, with a 90% 

park effect 
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Turbines easiest to compare are Enercon E-70 2 MW, hub height 100 meters, and Suzlon S88, 
hub height 79 meters. This is because they are both used to the more lager farms in the 
country. Information about investments in these two turbines are later also used to give 
examples of what a wind farm at Aguapé farm will have for an investment size. 
 
Even though S88 do not have the same height as E-70 2MW, 100 meter, it is still generating 
more electricity. S88 is more effective since it is using longer blades at a lower height. This 
shows that development of higher and higher towers not always is the best solution to 
generate more electricity. When using a turbine with a lower tower requirement on the crane 
lifting equipments decreases. 
 

 

 
 

Figure 20. Production ,GWh/year, from ten wind turbines, hub height 100-105 meters, with a 90% 
park effect 

 
With a higher hub height the production increases. Vestas V90 benefits most from the higher 
hub height. 
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3.6.9 Investment 
One example of a wind farm at Aguapé farm (Appendix 6). 
 
Numbers:   10 
Turbine:   Enercon E-70 
Effect:   2 MW  
Hub height:  100 m  
Diameter:  71 m 
Park effect:  90 % 
 
Production:  61,84 GWh/year 
Ratio:  R$ 1,44/kWh  
Income:  0,232 R$/kWh 
 
 
Investment:   R$ 90 million 
Rate:  6,5 % [49] 
payback time:  16 years   (Yearly cost calculation)  
  10 years  (Cash flow analysis) 
Yearly profit: R$ 5 530 000  (Yearly cost calculation) 
Total profit after 20 years: R$150 000 000 (Cash flow analysis) 

 
 
Cash flow analysis is a common and easy way to see the result of wind turbines and farms 
(Table 5). 

 
Table 5. Cash flow analysis (KR$) 

 
Year 1 2 3 4 5 6 7 8 9 10 

Cost/year  12250 11820 11370 10910 10410 10400 9850 9270 8640 7980 

Income/year 14380 14380 14380 14380 14380 14380 14380 14380 14380 14380 

Profit/year 2130 2560 3010 3470 3980 3980 4530 5120 5740 6410 

Total profit 2130 4690 7700 11170 15150 19120 23650 28770 34510 40910 

           

Remaining 
debt 

83370 76310 68800 60830 52360 43880 34850 25230 15000 4090 

           

Year 11 12 13 14 15 16 17 18 19 20 

Cost/year  7270 6510 5860 5010 4110 3150 2040 1040 -120 -1340 

Income/year 14380 14380 14380 14380 14380 14380 14380 14380 14380 14380 

Profit/year 7120 7870 8520 9370 10270 11230 12250 13340 14500 15740 

Total profit 48030 55900 64420 73790 84060 95290 107540 120880 135390 151120 

           

Remaining 
debt 

-7520 -19910 -32910 -46780 -61560 -77290 -94040 -111880 -130880 -151120 
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4 Conclusion 
According to what have been discovered during the field trip, Aguapé farm has a potential for 
wind power that is one of a kind looking at wind resources. Annual wind speeds are high and 
the roughness class close to zero with a totally flat landscape next to both lake and ocean. It is 
as good as an offshore location but onshore, which makes it cheaper and easier to build and 
maintain service on the turbines. Together with a winning bid in a wind power project auction 
or if the second phase of PROINFA starts, both guaranteeing 15 to 20 years contract of 
supplying generated electricity to the market, wind power at Aguapé farm is excellent. 
 
If Aguapé Wind Farm becomes a reality it will get things improved in several ways, for 
Aguapé farm owner, Lagoa do Peixe National Park and for the whole of Brazil. 
 

• Aguapé farm stops with their major income, rice production, and lease out the land to 
wind power investors for a cost of minimum of what the rice production gives. Then 
the work hours and space put on rice production can be spent in other ways and earn 
more money then before.  They can enlarge the amount of cattle, which still can use 
the area around the wind turbines as pasture. 

 
• The threats to Lagoa do Peixe National Park’s hydrological system will decrease when 

Aguapé farm stops with the rice production. The demand of water decrease and dams 
are no longer necessary. If Aguapé wind farm becomes a successful project more 
farmers might want to do the same thing, change from rice production to leasing out 
property. If this happens the hydrological treats of the dams will be much smaller in 
the future. 

 
• Wind power at Aguapé farm will help Brazil to develop a sustainable and safe 

electricity generation system together with hydropower. When wind- and hydropower 
are well integrated with each other, electricity crises after periods of dry climate can 
be avoided.  
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Appendix 1-6 
 
Appendix 1 
 
Roughness Class 
 
0   Water surface  
0.5  Completely open terrain with smooth surface, e.g. concrete runways in airports, 

mowed grass, etc.  
1  Open agricultural area without fences and hedgerows and very scattered 

buildings. Only softly rounded hills. 
1.5 Agricultural land with some houses and eight meters tall sheltering hedgerows 

with a distance of approx. 1250 meters 
2  Agricultural land with some houses and eight meters tall sheltering hedgerows 

with a distance of approx. 500 meters  
2.5  Agricultural land with many houses, shrubs and plants, or eight meters tall 

sheltering hedgerows with a distance of approx. 250 meters  
3 Villages, small towns, agricultural land with many or tall sheltering hedgerows, 

forests and very rough and uneven terrain  
3.5 Larger cities with tall buildings  
4  Very large cities with tall buildings and skyscrapers [43] 
 
 
Appendix 2  
 
Wind Atlas of Rio Grande do Sul, 50, 75 and 100 meters height (Figure 21). 
 

 
Figure 21. Wind Atlas of Rio Grande do Sul, 50, 75 and 100 meters height 

 
Wind Atlas of Rio Grande do Sul, concentration on Aguapé farm. Figure 22 and 23. Figure 24 
is showing the weibull shape parameter [39]. 
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Figure 22. Annual wind speed at 50 m 

 

 
Figure 23.  Annual wind speed at 100 m 

 

 
Figure 24. Weibull shape factor 
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Appendix 3  
 
Four brands of wind power turbines are found on the Brazilian market: 
The Brazilian subsidiary of Enercon, Wobben Windpower 
Argentine IMPSA , which work together with the German manufacture Vensys. 
Indian  Suzlon   
Danish Vestas,  
 
Six different types of wind turbine was selected in the scale from 1,5 MW to 3 MW. Three 
different hub heights were selected to fit the height of the wind maps. Wind maps over Rio 
Grande do Sul shows the annual mean wind on 50, 75 and 100 meters height. The selected 
hub heights are 58, 78, 79, 85, 100 and 105 meter, which get at least one turbine at every 
height. 
 
The selected turbines are: 
Enercon E-70 2 MW and 2,3 MW, E-82 2 MW. 
Vestas V80 2 MW and V90 3 MW 
Suzlon S88 2,1 MW 
Vensys 70 1,5 MW 
 
Input data to the power calculator  
Air density data: 15oC at 0 m altitude -> density 1,2256527  
Roughness class:  1 
Weibull shape parameter  2,1 
Annual wind speed 50 m 7 m/s 
Annual wind speed 75 m 7,5-8 m/s 
Annual wind speed 100 m 8-8,5 m/s 
 
Power curves from each wind turbine were put in the calculator. Calculations made by The 
power calculator (Table 6). 
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Table 6. The power calculator results 
 

Type Wind speed  Diameter  Hub height Capacity  Production 
MW m/s m m % kWh/y 

 

Enercon 
E70 2,3 7,0 71 58 28 5 691 830 
E70 2,3 7,5 71 85 32 6 490 074 
E70 2,3 8,0 71 85 36 7 323 025 
E70 2,3  8,0 71 100 35 7 149 493 
E70 2,3  8,5 71 100 39 7 947 738 

 
E70 2 7,5 71 85 36 6 281 836 
E70 2 8,0 71 85 40 7 045 374 
E70 2  8,0 71 100 39 6 871 843 
E70 2 8,5 71 100 43 7 565 969 

 
E82 2 7,5 82 78 41 7 268 063 
E82 2 8,0 82 78 46 8 055 051 
E82 2  8,0 82 100 46 8 008 758 
E82 2  8,5 82 100 49 8 656 865 

 
Vestas 

V80 2 7,5 80  80 36 6 300 969 
V80 2 8,0 80  80 40 7 050 035 
V80 2  8,0 80  100 40 6 961 910 
V80 2  8,5 80  100 44 7 666 914 

 
V90 3 7,5 90  80 33 8 699 634 
V90 3 8,0 90  80 37 9 759 204 
V90 3  8,0 90  105 37 9 759 204 

V90 3  8,5 90  105 41 10 707 241 
 

Suzlon 
S88 2,1 7,5 88  79 39 7 197 646 
S88 2,1 8,0 88  79 44 8 050 700 

 
IMPSA/Vensys 

70 1,5 7,5 77 85 38 4 980 038 
70 1,5 8,0 77 85 42 5 551 517 
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The power calculator only calculates the production of one single turbine.  To calculate for a 
whole park the park effect must me considered. When more than one turbine is located 
together there is not enough wind for every turbine. An energy loss according to this situation 
is called park effect, the park produce less then 100 %. The park effect is depending on these 
tings; 
 

• Distance between turbines in the row 
• Distance between rows 
• Total number of turbines 
• Orientation in relation to the prevailing wind direction 
• Onshore or offshore 

 
How formation and row distance affects the park effect is shown in Table 7. 

 
Table 7. Park effect 

 
Formation  1 x 6  3 x 3  6 x 6  

Row distance, ∅  Lost effect  
2  6,5% 22% 35% 

4  2,5% 10% 15% 

6  1,5% 6% 8% 

8  1% 4% 6% 

10  0,8% 3% 3% 

 
 
A role of thumb is to have at least five rotor diameters between turbines and seven rotor 
diameters between rows. If the formation is only a single row, minimizing of distance is 
possible without any big losses [51]. Production calculations on a wind farm containing 10 
turbines, with and without park effect. (Table 8) 
 



 
40 

Table 8. Wind farm calculations 
 

Enercon height m m/s 100% 95% 90% 
E-70 2,3 58 7 56,918 54,072 51,226 
E-70 2,3 85 7,5 64,901 61,656 58,411 
E-70 2,3 85 8 73,23 69,569 65,907 
E-70 2,3 100 8 71,495 69,92 64,345 
E-70 2,3 100 8,5 79,478 75,504 71,53 
E-70 2 85 7,5 62,818 59,677 56,537 
E-70 2 85 8 70,454 66,931 63,408 
E-70 2 100 8 68,718 65,282 61,846 
E-70 2 100 8,5 75,661 71,878 68,095 
E-82 78 7,5 72,681 69,047 65,413 
E-82 78 8 80,551 76,523 72,495 
E-82 100 8 80,009 76,083 72,078 
E-82 100 8,5 86,567 82,24 77,912 
      
Vestas height m m/s 100% 95% 90% 
V80 80 7,5 63,01 59,86 56,709 
V80 80 8 70,5 66,975 63,45 
V80 100 8 69,619 66,128 62,657 
V80  100 8,5 76,667 72,836 69,002 
V90 80 7,5 86,996 82,647 78,297 
V90 80 8 97,592 92,712 87,833 
V90  105 8 97,592 92,712 87,833 
V90 105 8,5 107,072 101,718 96,365 
      
Vensys height m m/s 100% 95% 90% 
70 85 7,5 49,8 47,31 44,82 
70 85 8 55,515 52,749 49,964 
      
Suzlon height m m/s 100% 95% 90% 
S88 79 7,5 71,976 68,378 64,778 
S88 79 8 80,507 76,482 72,456 
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Appendix 4  
 
Sound level calculated from a distance of 50, 100, 200, 300, 400, 500, 600, 700, 800 and 1000 
meters distance from the wind turbines (Figure 25).  
 

 
 

Figure 25. Sound levels 
 
 
  
Appendix 5  
 
The investment of Osorio wind farm was R$ 670 million in 2006. When splitting this 
investment on the amount of turbines each turbine has the total investment cost of R$ 8,93 
million. 
  
Example: Fazenda Aguapé wind farm  
E-70 2 MW x 10, total investment R$ 90 millions 
 
Ratio year kWh/R$: 8,0 m/s 61,846 GWh/y -> 1,444 R$/kWh  
Ratio year kWh/R$: 8,5 m/s 68,095 GWh/y ->1,322 R$/kWh 
 
Yearly cost based on 100% loan, rate 6,5% and 20 years to pay it back: 
 
q=1+(r/100) 
a=((r/100) x qn) / (qn-1) 
Kå =a x Ki 
 
r= rate 
a= annuity 
n= attribution time 
Ki= investment cost   
Kå= yearly cost 
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q= 1,065 
a= 0,0907563 
 
Income: 232 x 61846   14 348 272 
Cost:  0,09075 x 90 000 000  -8 168 076 
Drift:  650 000  -650 000 
Profit:    5 530 196 
 
Payback time:  total investment / profit 
90 000 000 / 5530 196 = 16,3 years 
 
Calculations based from a Swedish projection on an Enercon E-82 was used to make an 
approximately calculation of what result a wind farm at Aguapé farm may give. The 
calculation wad made as a cash flow analysis in a special calculation sheet.  
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Appendix 6 
 
 54 wind farms were contracted for the PROINFA program in 2004 (Table 9). Marked farms 
are operating today [52]. 
 

Table 9. Contracted wind farms for PROINFA 
 

State  Name MW   State  Name MW 
SC Agua Doce  9   PE Gravata Fruitrade 4,25 
PB Albatroz 4,5   CE icaraizinho 54 
RN Alegria I 51   CE Lagoa do Mato 3,2 
RN Alegria II 100,8   PE Mandacaru 4,25 
PB Alhandra 5,4   PB Mataraca 4,5 
SC Amparo 21,4   PB Millennium  10,2 
SC Aquibata 30   RS Osorio  50 
PB Atlantica 4,5   RS Palmers 7,7 
CE Berberibe  25,2   CE Paracuru  23,4 
SC Bom Jardim 30   PI Pedra do Sal  17,9 
CE Bons Ventos 50   PE Piraua 4,25 
SC Campo Belo 9,6   CE Praia do Morgado 28,8 
PB Camurim 4,5   CE Praia Formosa 104,4 
CE Canao Quebrada 57   CE Praias de Parajuru 28,8 
CE Rosa dos Ventos  10,5   PB Presidente 4,5 
PB Caravela 4,5   SC Pulpito 30 
SC Cascata 4,8   RJ Quintanilha Machado I 135 
PB Coelhos I 4,5   SC Rio do Ouro 30 
PB Coelhos II 4,5   RJ Rio do Fogo  49,3 
PB Coelhos III 4,5   SC Salto 30 
PB Coelhos IV 4,5   RS Sangradouro  50 
SC Cruz Alta 30   PE Santa Maria 4,25 
RS Dos Indios  50   SC Santo Antonio 1,9 
RS Elebras Cidreira 70   CE Taiba-Albatroz  16,5 
CE Enacel 31,6   PB Vitoria 4,25 
CE Foz do Rio Choro 25,2   CE Volta do Rio 42 
RJ Gargau 28,1   PE Xavante 4,25 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


