
 

 

FUNDAÇÃO GETULIO VARGAS 

ESCOLA DE ADMINISTRAÇÃO DE EMPRESAS DE SÃO PAULO 

 

 

 

MATTHEW ROBERT YATES 

 

 

 

 

 

 

 

 

THE EVOLUTION OF WIND POWER IN BRAZIL: ANALYSIS OF GOVERNMENT 

POLICY AND ITS EFFECTS 

 

 

 

 

 

 

 

 

 

 

 

SÃO PAULO 

2018  



 

 

MATTHEW ROBERT YATES 

 

 

 

 

 

 

 

 

THE EVOLUTION OF WIND POWER IN BRAZIL: ANALYSIS OF 

GOVERNMENT POLICY AND ITS EFFECTS 

 

 

 

 

 

Thesis presented to Escola de Administração de 

Empresas de São Paulo of Fundação Getulio 

Vargas, as a requirement to obtain the title of 

Master in International Management (MPGI). 

 

 

 

Field of Knowledge: Economics and International 

Finance 

 

 

 

 

Advisor: Prof. Dr. Julia von Maltzan Pacheco 

 

 

 

 

 

 

SÃO PAULO 

2018



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yates, Matthew Robert. 

     The evolution of wind power in Brazil : analysis of government policy and its 

effects / Matthew Robert Yates. - 2018. 

     69 f. 

 

     Orientador(a): Julia Alice Sophia von Maltzan Pacheco. 

     Dissertação (MPGI) – Fundação Getulio Vargas, Escola de Administração 

de Empresas de São Paulo. 

 

     1. Energia - Fontes alternativas - Brasil. 2. Energia eólica. 3. Recursos 

energéticos - Brasil. 4. Política energética - Brasil. I. Pacheco, Julia Alice 

Sophia von Maltzan. II. Dissertação (MPGI) - Escola de Administração de 

Empresas de São Paulo. III. Fundação Getulio Vargas. IV. Título. 

 

 

CDU 620.91(81) 

 

 

Ficha catalográfica elaborada por: Isabele Oliveira dos Santos Garcia CRB SP-010191/O 

Biblioteca Karl A. Boedecker da Fundação Getulio Vargas - SP 

 



 

 

 

MATTHEW ROBERT YATES 

 

 

 

THE EVOLUTION OF WIND POWER IN BRAZIL: ANALYSIS OF 

GOVERNMENT POLICY AND ITS EFFECTS 

 

 

 

Thesis presented to Escola de Administração 

de Empresas de São Paulo of Fundação 

Getulio Vargas, as a requirement to obtain the 

title of Master in International Management 

(MPGI). 

 

Field of Knowledge: Economics and 

International Finance. 

 

Approval Date 

10/12/2018 

 

 

Committee members: 

 

 

__________________________________ 

Prof. Dr. Julia von Maltzan Pacheco 

 

__________________________________ 

Prof. André Pereira de Carvalho 

 

__________________________________ 

Prof. Angelo Costa Gurgel 

  



 

 

 

RESUMO 

 

Cada vez mais pressionados para investir em fontes de energia sustentável, os governos são 

influenciados principalmente pelas novas exigências do meio ambiente, dos consumidores e da 

sociedade. A solução ótima encontrada se fundamenta em tipos de energia renováveis, tais como 

a eólica, que vem se tornando cada vez mais viável devido aos avanços tecnológicos e 

diminuição dos custos de implantação. É neste contexto que os países em desenvolvimento se 

enquadram: a demanda por maiores quantidades de energia abre espaço para investimentos nas 

qualidades dessas fontes energéticas. Com um estudo de caso no Brasil, que historicamente 

optou por hidrelétricas, é cada vez mais explícito o crescente desenvolvimento em tecnologias, 

mecanismos e sistemas da indústria eólica. O plano de expansão energética brasileira para um 

total de 24 gigawatts em 2024 busca contar com adicionais 11 gigawatts de energia eólica. 

Contudo, ainda existem algumas dúvidas acerca da capacidade do governo de atingir essas 

metas, visto as dificuldades observadas frente a economia e os desafios de superação da crise. 

Palavras Chave: Brasil, Energia Eólica, Industria Eólica, Políticas de Suporte  



 

 

 

ABSTRACT 

 

Given the pressure to transform the world’s energy needs from environmental, logistic, and 

customer perspectives, countries around the world have been increasingly looking at the 

potential for renewable energy as the optimal solution for these issues. Wind, in particular, has 

begun to see a new revolution as the technology has drastically improved and prices have fallen 

to competitive levels with traditional sources of energy. In this context, developing economies 

have become a major target of investment as increasing energy needs require the development of 

additional power facilities to keep up with demand. Brazil, which has historically relied on 

renewable energy from hydropower, is increasingly developing its wind capacity and has set in 

place a variety of mechanisms and systems in order to meet its ambitious goals of development. 

Set out in its 2024 Energy Expansion plan, it aims to add an additional 11 gigawatts of wind 

energy in the next six years to reach 24 gigawatts by 2024. However, there is still a great deal of 

uncertainty about the ability to accomplish this goal as the economic and regulatory 

environments have been facing recent challenges that have constrained the planned growth 

capacity.  

Key Words: Brazil, Wind Energy, Wind Industry, Support Policies  
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1. Introduction 
 

1.1 Global Trends in Energy Generation 

 

In 2017 alone, the International Energy Agency (IEA) estimated that world energy consumption 

levels totaled 14,050 million tons of oil equivalent (Mtoe), representing a 2.1% increase in 

energy demand compared to 2016. 81% of this energy demand was provided by fossil fuels, a 

percentage which has been relatively stable since the 1990s and is expected to continue (IEA 

2018a), with an estimated 77% of energy being provided by fossil fuels in 2040. Furthermore, by 

the year 2040, total energy use is expected to rise by 28% which will be driven mostly by 

emerging economies, with over 50% of this new demand coming from Non-OECD Asian 

countries. However, during this period, renewables are expected to grow more than 4.5% of total 

energy consumption. Moreover, the non-hydro portion of this renewable energy is projected to 

reach 15% of the world energy supply, with wind energy composing the majority of this change 

(EIA 2017a).  

 

The difference between electricity and energy demand is an important distinction to be made, as 

total energy demand is derived from all sources, such as power generation, fuel for cars and 

planes, etc. On the other hand, electricity demand is linked to power demand from the electrical 

grid and does not count items such oil used to power a car. Electricity is expected to make up a 

greater portion of the energy mix in the future as the trend of higher electricity growth than total 

energy demand in the past few years is predicted to continue (IEA 2018a). The share of 

renewables in this electricity demand is also expected to increase, rising 8% from 2015 to reach 

29% in 2040 of the global electricity generation mix, according to the EIA’s International 

Energy Outlook 2017 report. In Latin America, electricity demand has grown more than four 

times since 1980 as factors such as greater electricity grid inclusion and rising incomes have 

drastically increased consumption, a trend that will likely be seen in other developing nations as 

well (IRENA 2016).  

1.2 Need for Renewables 
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According to estimates by the IEA, approximately 68% of the world’s greenhouse gasses 

(GHGs) are produced from energy generation, with 90% of these GHGs being CO2. 

Additionally, from the period of 2000-2015, the total emissions created by the generation of 

electricity increased by approximately 40%, although this was mainly spurred by the Asian 

economies and in particular China (IEA 2018a).  

A variety of environmental and health issues are associated with the rising levels of CO2 and 

GHGs, most notably of which is the global rise in temperatures. According to the 

Intergovernmental Panel on Climate Change (IPCC) Group I in their Fifth Assessment Report, 

the average world surface temperature is expected to increase by at least 1.5 degree Celsius by 

year 2100 in most scenarios, along with a variety of scenarios that expect an increase of at least 2 

degrees Celsius in this same period. These projections are the aim of the Paris Agreement, which 

aims to hold global warming at a maximum of 2 degrees Celsius, while trying to make an 

increase of less than 1.5 degrees the goal (UNFCC 2015).  

According to the IPCC, failing to meet the targeting reductions in emissions and allowing global 

warming to exceed 2 degrees Celsius would likely have drastic effects on a variety of 

environmental systems. Some of the main effects would be found in the water cycles and the 

oceans, as the changes in temperature will be uneven and likely will lead to increasing extremes 

in the dry and wet seasons in the world and more drastic weather conditions. Furthermore, a 

majority of the heat increase will be absorbed by the oceans, which will affect ocean circulation, 

disrupt the absorption of carbon by the ocean, and cause a rise in sea levels (IPCC 2013). 

These effects have a high confidence of severely damaging both natural and human ecosystems. 

Flooding and extreme weather events create the risk of death and disrupted livelihoods in low 

coastal and urban areas, as well as the potential for the breakdown of food systems due to the 

effects on agriculture. Furthermore, fragile ecosystems are at risk of being damaged or destroyed 

which may have a cascade effect on larger ecological systems. In particular, developing 

countries are at a greater risk as they will have fewer resources to employ in order to combat the 

changes brought on by climate change (IPCC 2014). 

1.3 Wind Power 

One of the solutions that is increasingly seen as a viable way to replace heavily polluting energy 

sources is wind energy. Over the last twenty years, wind energy has seen a massive increase in 
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growth and investment as it is being increasingly recognized as a reliable and, more recently, a 

cheap source of clean energy. In general, wind energy can be divided into two major categories: 

on-shore and off-shore generation. Currently, on-shore wind generation is the cheapest method 

of generating energy and has a much lower technological threshold. Off-shore wind farms, on the 

other hand, require larger investments and have higher maintenance costs due to the effects of 

the ocean and the special skills and equipment required to meet these structures (Stehly, 

Heimiller, & Scott 2017). 

Despite the differences between the two types, both have relatively simple requirements to 

generate energy. The amount of energy produced from wind is cubically related to the speed of 

wind, meaning that wind blowing twice as face will create eight times more potential energy. As 

such, location is key when developing wind energy projects. Primarily, they need to be placed in 

areas that have a steady flow of uni-directionally strong wind in order to operate at the optimal 

capacity, rather than areas that simply receive strong but inconsistent wind gusts. However, the 

wind gusts need to stay within certain speeds otherwise it can cause damage to the turbines 

(STELR 2018). Due to these basic requirements, there tend to be areas that have natural 

competitive advantages in wind, such as the Brazilian northeast or in general flatland areas 

(Dezem 2018). Nonetheless, even when well-situated, good wind farms tend to only reach 30% 

operating capacity on a yearly basis (that is, 30% of its potential energy is sufficient wind was 

blowing at all times) (STELR 2018). 

In terms of the actual wind industry, worldwide installed capacity has grown substantially in the 

past few decades, with the years since year 2000 showing the most drastic change. Since the year 

2000, global installed capacity of wind installations has grown from 9.2GW to 532.7GW in 2017 

(Figure 1). This has been coupled with massive investments in the industry worldwide, with 

over USD 105 billion invested in 2017 alone (Louw 2018). 
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Figure 1: Global Capacity of Wind Installations in GW 

Own elaboration based on data extracted from BNEF 2018. 

As for the equipment itself, wind energy technology has been making major strides in progress 

since its beginnings back in California in the 1980s, and in particular in the past decade. 

Developments in materials, engineering, and technology have allowed us to create better and 

more efficient turbines for generating energy. As such, the IRENA Renewable Power Generation 

Costs in 2017 report estimates that the overall installation costs of wind energy are now only 

30% of their 1983 levels, from an average of USD 4880 per kW to USD 1477 per kW in 2017.  

In addition, capacity factors for wind generation, or the amount of energy which is actually 

produced compared to the theoretical maximum energy production (RERL Wind), have been 

increasing substantially over the years. This means that wind turbines are able to produce more 

energy with the same amount of wind, which helps to lower the price per watt hour in addition to 

falling installation costs.  

Figure 2: Global Price for MWh Generated by Wind Turbines.  

Own elaboration based on data extracted from BNEF 2018. 
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According to Bloomberg New Energy Finance statistics, the global average cost for wind energy 

fell 38.7% from 2009 to 2017, from 89.78 USD/MWh to 55 USD/MWh (Figure 2). Due to this 

increasing price competitiveness, the cost of onshore wind energy is already well within the 

lower range of the cost of energy produced by fossil fuels (IRENA 2018). 

1.4 Brazil Overview 

 

Brazil is the fifth largest country in the world with a population of slightly over 207 million 

people in 2017. Much of its population is urbanized, with 85.2% of the population living in 

urban areas and many live in mega-cities, such as Sao Paulo, which has over twenty one million 

residents. Additionally, the country is extremely large, with over 8,500,000 square kilometers of 

land, making it the fifth largest country in the world. The country is well endowed with natural 

resources and rivers, and it is home to a large portion of the Amazon in its northern region (CIA 

2018).  

In terms of the economy, Brazil ranks as the ninth largest in the world with a gross domestic 

product (GDP) of 2,055 USD billion in 2017. This equates to a per capita income of around USD 

9,930, and it is part of the BRICS developing economies group. Much of the economy is 

concentrated in the services sector, with 72.8% of the GDP being attributed to services, while 

industry and agriculture represent 21% and 6.2%, respectively. In terms of employment, 

agriculture and industry represent a greater portion at 9.4% and 32.1%, while the services sector 

only employs 58.5% of a work force consisting of 104.2 million people. Additionally, the 

economy is deeply invested in the development of Brazil’s vast natural resources, such as large 

oil fields or massive deposits of raw materials within the country. Agricultural goods, such as 

coffee and soy, are also vital to the economy (CIA 2018).  

Since 2003, Brazil has seen historic growth and witnessed over twenty nine million people rise 

out of the poverty line. This was also seen with a decrease in the levels of inequality within the 

population, although these still remain at a high level (World Bank 2018c). However, in 2015 

and 2016, Brazil entered into the worst economic recession in its history and has seen a variety 

of problems affect the country, with high unemployment and a series of corruption scandals that 

reached the highest level of government (CIA 2018). However, recently the country began 

showing signs of recovery with the economy growing 1% in 2017, although the situation is 



18 

 

 

delicate as there are strong needs to invest in infrastructure and there is an uncertain political 

environment (World Bank 2018c). 

1.5 Energy and Energy Security in Brazil 

 

In total, Brazil has more than 160 GW in installed power capacity throughout the country. 

Historically, a significant portion of this capacity has been composed of hydroelectric power, 

leading Brazil to have a large portion of its electricity to be derived from renewable sources. In 

terms of installed capacity, according to ANEEL’s latest figures, hydroelectric dams account for 

63.9% of the installed MW, whereas thermoelectric (fossil fuel and biomass) power plants 

account for 25.8%, and wind energy approximately 8.2% (Figure 3).  

 
Figure 3: Current Breakdown of Brazil’s Power Generation Matrix. 

Own elaboration based on data extracted from ANEEL 2018c. 

However, in the past few years, the share of power generated by hydroelectric plants has been 

decreasing and is increasingly coming from other sources. As can be observed in Figure 4, since 

2012 other sources of electricity have been increasingly replacing hydroelectric energy. Of these, 

natural gas and biomass power plants make up the second largest contributions to electricity 

generation, although wind energy has started to make up a greater portion over time at a 

significant rate. As a whole, non-hydro renewables are starting to supply more of the power grid 

and are expected to continue this trend (EIA  Brazil 2017b). 
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Figure 4: Percentage of Electricity Produced by Source in Brazil. 

Own elaboration based on data extracted from IEA 2016. 

In the short-term, however, fossil fuels are expected to account for the majority of new 

installments, although wind and solar will still make up significant portions of these investments 

(Figure 5). Despite these short-term plans, overall fossil fuel thermoelectric plants are expected 

to decrease to only 13% of the power mix by 2030, whereas renewables are planned to reach 

30% of electricity generation  (Barroso 2017).  

Figure 5: Breakdown of Current Brazilian Power Matrix. 

 
Own elaboration based on data extracted from ANEEL 2018c. 

 

This decline in investments in new hydroelectric power facilities coupled with a focus on other 

types of resources, in particular on non-hydro renewables, is the result of several factors. One of 

the main factors for the increased focus on non-hydroelectric energy sources is energy security. 
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Energy security is defined by the IEA as “the uninterrupted availability of energy sources at an 

affordable price,” and it both refers to short and long-term security (IEA 2018b). Recent energy 

crises, issues with droughts, and periods of low rainfall have shown the problem of relying 

primarily on one source of energy, and as such, the government has been putting in place 

incentives to diversify the energy mix in order to prevent disruptions to the energy supply and 

security of the country (Miret 2014). Furthermore, the large drop in prices of non-hydroelectric 

resources has led to greater competition and this has allowed them to be further integrated into 

the power network. 

Regionally, the majority of power consumed comes from the Southeast and Midwest regions. 

These regions accounted for 57.7% of overall electricity consumed in 2014, as the North and 

South regions only accounted for 16% and 17.3% of electricity consumption respectively. This is 

unsurprising as the strongest region economically is the Southeast in terms of industry and GDP. 

Interestingly, though, the North and Northeastern regions account for a disproportionate amount 

of capacity installed and have surpluses of 13.7% and 6.2% when it comes to percentage of 

electricity consumed versus installed capacity country wide (SPE & MME 2015). This is due to 

the large abundance of hydro resources in the North, while the Northeast has an advantage in the 

wind industry.  

Additionally, it is important to understand how power is regulated and controlled in Brazil in 

order to understand the composition of the market. In general, the vast majority of households 

receive their energy from a national electrical grid named the Sistema Integrado Nacional, or 

SIN. This is a national network of transmission cables that connects the major distributors of 

electricity to households around the country, and it covered approximately 93.8% of installed 

potential capacity in the country in 2016 (MME 2017b). Outside of this network is distributed 

generation, which means sources of electricity generation that are not connected to the national 

grid. This can occur in a variety of ways, such as through remote villages or areas that need to 

install their own power generators in order to provide electricity, or through more private 

initiatives such as individual homeowners or businesses that wish to supply all or part of their 

own energy. In 2016, there was 13.1GW of installed distributed generation capacity in Brazil 

(MME 2017b). 
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Additionally, the way energy is sold in Brazil can be divided into two parts. Since 2004, the 

energy market has been divided into the free market and captive consumers. In the free market, 

the consumer and the generator of energy make their own contracts about the level of energy that 

will be supplied and the prices at which it will supply this energy. As such, it faces less 

regulation than the captive consumer market. Captive consumers are those who use energy 

supplied by the electricity distribution companies. In this arrangement, the distribution 

companies are regulated by the Câmara de Comercialização de Energia Elétrica (CCEE), or the 

Electricity Trading Chamber. The rates for consumers are instead negotiated between the CCEE 

and power generation companies and are settled through long-term contracts, rather than by the 

consumer and the distributor in the free market (Bajay Medium). 

1.6 Potential for Wind Energy Development in Brazil 

 

Brazil has immense potential for the generation of wind energy, although this capacity is mostly 

concentrated in the Northeast region, and in particular in the states of Bahia and Rio Grande do 

Norte. Overall, according to 2001 estimates by the Brazilian Wind Atlas, Brazil has a potential 

for 143.5 GW of wind power that can be installed, generating up to 272.2 TWh/year. The 

Northeast region accounts for 75 GW of this potential while the Southeast and Southern regions 

account for 29.7 and 22.8 GW of potential power respectively (Amarante, Zach, & Sá 2001). 

However, these estimates were formulated based on 50 meter tall wind turbines, whereas with 

current technology potential total wind energy in Brazil is approximately three times the current 

consumption of electricity (GWEC 2017) (Francisco 2012). According to 2016 estimates by the 

EPE, with towers of heights up to 120 meters, the potential for wind energy in Brazil totals 

350GW with the current technology (MME 2017b).  
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Figure 6: Map of Brazil by Mean Annual Wind Speed. 

 
From AWS Truepower 2015.  
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2. Methodology 
 

Overall, this thesis will take the primary approach of using qualitative data in order to explore 

the question of how have the main policy mechanisms of Brazil supported the growth of 

wind energy in Brazil? And secondly, to what extent have they been able to achieve the 

country’s stated goals for the 2024 and 2026 Energy Expansion plans? This can be 

elaborated into the following goals: 

1. Establishing the goals Brazil wishes to achieve in regards to implementing wind 

power. 

2. Exploring what are the main policy mechanisms Brazil uses in order to achieve these 

goals. 

3. Understanding how these mechanisms affected the landscape for financing projects in 

Brazil. 

4. Analyze the level of development of wind energy in relation to the Energy Expansion 

plans and the mechanisms used to achieve these goals. 

5. Analyze the development of the local supply chain in Brazil and understanding its 

effects on the supply chain and prices. 

6. Incorporating recent events to understand possible challenges and the future of wind 

energy in Brazil. 

This will be supplemented by the extraction of data from various databases, such as from the 

Brazilian national development bank, Banco Nacional de Desenvolvimento Econômico e Social 

(BNDES), in order to provide basic analyses of policy instruments and to understand better the 

relationships between the notable factors that will be elaborated in their appropriate sections. 

The first part of the analysis will focus on developing the understanding of Brazil and its 

respective energy market, in particular the regulations, actors, and policy instruments involved. 

In the second part, we will look at the financing conditions available in Brazil and understand 

how the market is adapting to recent changes to these conditions. In the third part, we will 

explore current progress and future plans and the effect policy instruments have had on achieving 

these goals.  This will be elaborated in two sections which will focus on the progress of the 
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implementation of wind energy in Brazil and the development of the local supply chain. In the 

last section, we will come to final conclusions and considerations. 

Qualitative Data:  

The qualitative analysis will use two primary methods. In the first, information will be 

drawn from a variety of sources, with a specific focus on reports coming from wind trade 

organizations and governmental bodies. The papers involved are public reports that can 

be accessed through FGV and Bocconi libraries, or through public databases such as the 

respective organizations websites and Google scholar. The objective of this set of data is 

to establish better understanding of policies involved in supporting the industries, as well 

as information on current and past events. As such, academic papers and news articles 

will be considered in the overall analysis. 

Additionally, interviews will be used to provide supplementary information and to gain a 

better perspective of the current beliefs of essential actors in the industry. As such, a 

series of four interviews were undertaken with a focus in two different areas: financing 

and manufacturing, as these were the areas with the greatest gaps in information. In the 

financing area, I interviewed the local head of an international commercial bank 

operating in Brazil, as well as an employee of a major Brazilian investment firm, in order 

to explore how the private sector views opportunities in the wind industry in Brazil. For 

the manufacturing segment, I interviewed managers at two of the major wind turbine 

manufacturers operating in Brazil in order to better understand the effect of local content 

requirements on the industry and the current outlook of the industry. These were done 

with the following people: 

Finance 

Alexander Schober (26.10.18) – Director South America, KfW-IPEX 

Sofia Caccuri (18.10.18) – Project Finance, XP Investimentos 

Manufacturing 

Fernando Mentone (26.10.18) – Business Development, Siemens-Gamesa 

William Boger (15.10.18) – Service Sales Executive, GE Renewable Energy 
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Quantitative Data: 

The data used for quantitative analysis will be drawn from governmental and research 

databases. Primary sources of this data are Bloomberg New Energy Finance (BNEF), 

Brazilian Regulatory Agencies, the Brazilan National Development Bank (BNDES), the 

US Energy Information Agency (EIA), the Global Wind Energy Council (GWEC), and 

the International Renewable Energy Agency (IRENA) databases, although this list is not 

exhaustive. This data will be used to demonstrate and visualize trends over time, as well 

as compare relationships between variables. Additionally, this information will generate 

inferences bases on the numerical data presented. 

In the following section, we will begin the first part of the paper and explore the various policy 

mechanisms, actors, goals of the Brazilian government in the wind industry. This will set the 

basis of understanding the environment in Brazil and then we will open into further analysis 

using these foundations.  
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3. Policy Mechanisms to Support the Growth of Wind Energy 
 

The following section will be divided into three main parts. The first section, Energy Regulatory 

Agencies and Bodies, will describe the organization and responsibility of the main regulatory 

agencies and the other actors in the energy sector in Brazil. In the Government Expansion Plans 

and Goals section, we will address the plans implemented by the government in order to support 

the development of the wind industry and what other goals they hope to achieve. This will look 

at the actual quantitative goals stated by the plans, as well as the qualitative and more conceptual 

goals that are either explicitly stated in the plans or by a supporting agency. Finally, in the 

Financial and Fiscal Mechanisms section, we will explore the primary mechanisms and policies 

which encourage the growth of the wind industry via monetary incentives. 

3.1 Energy Regulatory Agencies and Actors 

 

Figure 7: Map of relationship between Brazilian Regulatory Agencies and Actors. 

 

 

Own elaboration based on Francisco 2012. 

 

The head energy agency in Brazil is the Conselho Nacional de Política Energética (CNPE), 

which is the body responsible for overseeing the regulation and development of the electric 

system in Brazil via policy direction, and it is led by the Minister of Mines and Energy. It has 

two agencies which are directly under its control, and they are the Agência Nacional de Energia 

Elétrica (ANEEL) and the Ministerio de Minas e Energia (MME). ANEEL is a regulatory body 

which aims to create a market environment favorable to the development of an equitable energy 

market for society (ANEEL 2018f). It additionally controls the Operador Nacional do Sistema 

Elétrico (ONS), which is responsible for installations and planning to the national electric grid 

(SIN), whereas the Câmara de Comercialização de Energia Elétrica (CCEE) is responsible for 

CNPE

MME

CMSEElectrobrás EPE

ANEEL

CCEEONS
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the oversight of the Brazilian energy market. The MME develops policy, performs planning, and 

helps fund sectors dealing with energy and mining industries in Brazil. It controls the Empresa 

de Pesquisa Enérgetica (EPE), the Comitê de Monitoramento de Setor Elétrico (CMSE), and 

Eletrobrás. The EPE performs studies and research on the subsidization of the electricity sector 

in order to create future planning to the grid (EPE 2018). The Comitê de Monitoramento de Setor 

Elétrico oversees future energy security for the country (CMSE 2018). Eletrobrás is additionally 

overseen by the MME, and it is a partially state-owned utility company that acts as the biggest 

electricity company in Brazil (MME 2015)(Francisco 2012).  

 

3.2 Government Expansion Plans and Goals 

 

3.2.1 Brazil National Climate Change Plan 

 

The Brazil National Climate Change Plan was launched in December 2008 and set a variety of 

environmental goals to implement in the country. It primarily focused on reducing greenhouse 

gasses, increasing the share of renewable energy in the electricity grid, and drastically lowering 

the levels of deforestation. It encouraged the promotion of wind as a form of renewable energy 

(Interministerial 2008) and has been supplemented by extra laws and programs that earmarked 

money towards the development of wind energy, such as the National Fund on Climate Change 

Law in 2009 (Nachmany et. al. 2015). 

3.2.2 Paris Agreement 

On September 21, 2016, President Michel Temer signed into force the Paris Agreement with a 

pledge to reduce GHG emissions by 37% by 2025 from their 2005 levels (Climate Action 2017). 

This also set up a later goal of reducing these GHG emissions by a further 6% by 2030, reaching 

43% of the levels of greenhouse emissions produced in 2005 in Brazil. In order to achieve this, 

in addition to increasing biofuel use and reducing deforestation, the agreement states that Brazil 

will increase the level of renewable energy to reach 45% of energy production in the country by 

2030. Specifically, non-hydro renewables are expected to hit 23% of the electricity mix by 2030, 

with wind being one of the main sources of this growth (Federative 2016).  This is a continuation 
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of the Brazil National Climate Change plan launched in 2008, and they share the common goal 

of reducing greenhouse gasses.   

3.2.3 EPE 2024 and 2026 Energy Expansion Plans 

 

In Brazil, careful planning of additions to the electricity and energy is undertaken through the 

development of ten-year expansion plans. This system was created in 2004 with the creation of 

the EPE, and it consists of yearly revisions and updates for the energy grid based on a 10-year 

time frame (Bajay Medium). In order to make these plans, the EPE relies on outside information 

from a variety of actors, including other energy agencies to understand the possibilities and 

limitations of its plans.  This planning system is additionally carried out by using an auction 

system for contracting long-term power agreements. In this system, auctions are designed to 

incentive investors in electricity generation by contracting necessary amounts to in order to 

adhere to the goals set out in the EPE 10-year plan (World Bank 2015). The specific details of 

the auction system will be detailed in a later section. 

 

According to the 2024 EPE Energy Expansion plan, Brazil aims to achieve a total domestic 

generation capacity of electricity of 212.5 GW by 2024, or in other terms, increase the supply by 

78.6 GW from 2014 to 2024. This expansion is to be mainly driven by large-scale expansions in 

the offering of hydroelectric, natural gas, wind, biomass, and solar energy installations, in 

descending order of amount of GW to be installed. In particular, wind was scheduled for to 

increase by 19.3GW, increasing its installed capacity from 4.9GW in 2014 to 24.2GW (an 

increase of 394%) by 2024. This increase would result in wind energy composing 10.8% of the 

installed capacity for electricity generation in Brazil in 2024 if the plan is carried out, up from 

3.4% in 2014. In terms of electricity generation to be installed to the national electricity grid, 

known as SIN, this amount is slightly less. Total national supply to the SIN network was planned 

to increase to 199.4GW of installed capacity, with wind energy to increase only by 19.1GW to 

reach 24.0GW in total by 2024 (EPE 2015). 

 

In the latest EPE expansion plans, the 2026 EPE Energy Expansion plans, these numbers were 

revised for the year 2026. These reflect an increase in the national installed capacity of 16.5 GW 

from 2014 to 2016 to reach a total of 150.4GW installed in Brazil in 2016, as well as other 
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factors determining energy needs and priorities. By 2026, Brazil hopes to reach a domestic 

installed potential capacity of 220.0GW of energy, with wind energy representing 12.5% of the 

total electricity generation, or 28.6GW of installed potential capacity. This will require an 

additional 18.5GW of wind energy to be constructed, reflecting an increase of 5.2GW of wind 

energy between 2014 and 2016. As for the expansion of wind energy in the SIN, by 2026 the 

government hopes to reach 28.5GW, which would represent 13.9% of the capacity connected to 

the national energy grid (EPE 2017). 

3.2.4 Development of Local Industry 

 

In addition to developing the national energy matrix to include more wind energy, the 

government also has had the goal of creating a local manufacturing industry for wind turbines 

and their components. This plan includes the directive of using significant amounts of national 

natural resources as well, such as 70% of steel for towers needing to come from national origin 

(BNDES Anexo I). Overall, these are aimed at supporting the national economy and reducing the 

level of imported goods that are used in the production of wind turbines. These goals are 

implemented through conditions attached to local content rules which are explained in the 

following section on financial and fiscal mechanisms (IRENA 2016). 

3.3 Financial and Fiscal Mechanisms 

 

Financial or fiscal incentives are the primary means by which the Brazilian government attempts 

to achieve its goals of developing the wind industry. In the following section, we will look at the 

specific policies which either use direct or indirect financial incentives to encourage the 

development of wind energy and a supporting manufacturing industry within Brazil.  

3.3.1 PROINFA 

 

PROINFA, or the Incentives Program for Alternative Sources of Energy, is a Brazilian program 

launched in 2002 that created schemes of feed-in tariffs and quotas in order to incentivize the 

development of renewable energy plants in Brazil (IRENA 2015). The initial goals of the 

program were to establish 3300MW of new energy capacity, with 1100MW being from wind 

energy, with a second phase of the program aiming to reach 10% of total energy production 

coming from renewable sources. The initial delivery dates were set for 2006 and to supply a 20 
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year energy contract (Dutra & Szklo Energia), although these were delayed a variety of times up 

until 2012 (Barroso 2012). 

3.3.2 Subsidized Funding 

 

Subsidized loans are one of the primary mechanisms that Brazil uses in order to incentivize the 

development of the wind energy in general, as well as the local industry supporting it. These 

funds are provided at preferential or even below-market interest rates to developers of wind 

parks or manufacturing facilities (IRENA 2015). This is of particular interest as Brazil has had 

notoriously high interest rates which have prevented the disbursement of loans by private lenders 

(S&P 2017). However, these loans are subject to approval by the Brazilian National 

Development Bank (BNDES) and one must meet certain requirements in order to be eligible. In 

Brazil, this generally means the satisfaction of local content requirements in the projects, 

although it can also be linked to the auction mechanism explained later in this section. 

3.3.3 Local Content Requirements 

 

In general, local content requirements stipulate that in order for some entity to be eligible for a 

certain reward, they must use a certain amount of content produced locally. In Brazil, local 

content requirements are linked with the eligibility for preferential financing. BNDES funding is 

restricted only to businesses and organizations that meet certain requirements about local 

incorporation and use of local materials or production facilities (Kuntze & Moerenhout 2013). In 

general, in order for a company to be eligible to receive financing, it must be incorporated in 

Brazil (BNDES 2018h). In terms of which projects can be financed generally, historically there 

has been the requirement that at least 60% of the weight or value of the goods being used (or 

produced) had content from Brazil. However, in 2016, this rule was revised on a temporary basis 

to be lowered to 50%, and this lowered requirement has been currently extended until Dec. 2nd 

2018 (BNDES 2018i).  

 

This general local content rule is again set to change on Dec. 3rd, 2018, in which the local 

requirement rule is set to continue at 50% of the project or produced goods, however, the 

formula is changed to allow more than value or the weight of goods to factor into this 

percentage. In the new formula, 30% of the value or weight must come from Brazil, however, 
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five new intangible factors can be used to augment the total “local content” of the project to the 

minimum of 50%. These intangible factors are the following: 

 

1. Innovation Investment: production of this equipment is in a new industry for Brazil 

2. Exporting Ability: goods are eligible to be exported from Brazil 

3. Technical Labor: allows for improvement of Brazilian workforce/knowledge 

4. High-tech components: use of advance technological components not available in 

Brazil 

5. Added Value: the good is part of an added value process in the supply chain (BNDES 

2017b) 

 

In addition, there are more specific rules when it comes to the financing of wind equipment and 

auctions. These require that in order for companies to be eligible for BNDES funding for new 

wind parks, the wind turbines they use must follow certain criteria. These have been built on a 

ramp-up period in which the rules gradually incorporate further amounts of local content in order 

to help develop the local supply chain. The latest rules, which were designated to be 

implemented by January 2016, are the following:  

Wind turbines must meet three of the four following requirements: 

1. The construction of the towers requires at least 60% of the parts, by number, to be 

made with Brazilian origin. In addition, at least 70% of the weight of the steel or 

concrete used to make the towers must be of national origin. 

2. The construction of blades requires at least 60% of weight come from national origin. 

3. Mounting of the hub within Brazil, with hub of national origin or using components 

of national origin for hub based on table. 

4. Mounting of the nacelle within Brazil, with nacelle of national origin. In order to 

qualify as national origin, the nacelle must have at least 12 components from those 

listed in Table 1. Of these twelve, at least one component must come from Type A 

and at least five components from type B (BNDES Anexo I). 
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Table 1: Wind Turbine Local Content Chart. 

Own elaboration based on BNDES Anexo I. 

 

3.3.4 Tariffs and Trade Barriers 

 

Tariffs and taxes can drastically increase the price of goods imported. In general, Brazil levies 

between a 10% and 35% duty on imported goods that is based on cost, insurance, and freight 

parameters. There is also the Tax Over Industrialized Products (IPI), which is a tax on the 

majority of manufactured goods in Brazil, which ranges from 0% to 15% and is based on the 

import duty rate. It is worth noting that the IPI is not actually considered a tax on importers, as 

the tax is credited back to the importer (ITA 2018). In addition to these tariffs, a complicated 

series of federal and state level taxes can drastically increase the import burden even further. In 

extreme cases, this can lead to prices which are twice the amount of the original imported 

product (USTR 2018). However, it is worth noting that in certain cases some of these taxes can 

be exempted for renewable energy if there is no nationally produced equivalent of the product. In 

particular, these affect the 10% to 35% import duty known as II and also the Tax Over 

Industrialized Products (Duran 2015). 

In terms of performing trade across borders, in 2018 Brazil ranked 139 out of 190 countries for 

the cost of doing business according to the World Bank’s 2018 Cost of Doing Business Report. It 

carries large costs in both terms of time and money, with documentary and border compliance 

Type A Type B Type C

Structure of Nacelle - Fused or Boiled Nacelle Cooling Systems Braking System

Structural Elements - Rotor Elevator Rotor Locking System

Structural Elements - Stator Main Axle Medium Tension Cables/Bus

Invertor Electricity Protection Panel Hydraulic Unit

Fairing of the Nacelle Slip Ring

Yaw Bearing Pulley

Main Axle Bearing Structural Bolts/Screws

Transformers External Signal Lights

Yaw Activation System Wind Gauge

Yaw Control Panel Wind Direction Sensor

Nacelle Components Table
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averaging 111.1 hours, compared to just 9 hours in the United States. Additionally, the cost of 

documentary and border compliance averages around USD 1076 in Brazil, compared to USD 

275 for the USA and USD 0 for the United Kingdom. These costs significantly affect importers 

abilities to compete as they increase costs, which will often be passed on to consumers, and they 

also drastically complicate the procedure for exporting goods (World Bank 2018b). 

Overall, these create significant obstacles to importing wind equipment, especially when 

considering the cost-advantage derived from subsidized lending rates realized by manufacturers 

or farm developers that meet local content requirements. This happens through the increased cost 

of importation and lack of price competitiveness, as well as through the time and effort it 

requires in order to meet complicated tax and trade compliance regulations. 

 

3.3.5 Auctions and Financing Rules 

 

Auctions have been one of Brazil’s main tools for incentivizing the actual building of wind 

capacity within the country. Beginning in 2005, the government has undertaken an effort to 

create regular auctions for different forms of energy in order to ensure competitive market 

pricing for electricity, as well as be able to plan and implement its goals set out in the EPE 10 

year plans (Bajay Medium) (World Bank 2015). By limiting some auctions to only certain types 

of energy, as well as creating long-term contracts for specific amounts of energy, the government 

is able to give preference to energy sources such as wind and, if the conditions are set correctly, 

fulfill quotas for future wind growth in a systematic manner. Additionally, the regularity and the 

long-term contract nature of the auctions are seen as a boost to the confidence of investors in the 

industry, ensuring demand both for equipment and the energy generated (World Bank 2015).  

 

In order to be able to participate in auctions, prospective bidders must meet a set of requirements 

that are designed to ensure that participants will be able to meet their contract obligations. These 

deal with technical, environmental, and financial requirements (IRENA and CEM 2015), and in 

addition, prospective bidders must post a bond worth one percent of the estimated costs in order 

to participate in the auction (Hochberg & Poudineh 2018). However, there are no previous 
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experience requirements for bidders to companies to enter the auctions, thus the auctions are 

open to new entrants into the market (IRENA and CEM 2015). 

 

In the case that a bidder wins an auction and meets the local content requirements in order to 

qualify for BNDES financing, the cost of financing for 2018 auctions is dependent on whether or 

not the company requests funds directly from the BNDEs or through a financial intermediary. 

Additionally, winners may choose between two primary rates for the cost of funds: the long-term 

interest rate (TLP) or the IPCA rate, which is linked to the Ample Consumer Price Index.  For 

direct support from BNDES, the cost of financing is equal to the following: 

 

Interest Rate: Cost of Funds + BNDES’ Margin + Credit Risk Spread 

 

The TLP year-long rate in September 2018 was 6.87%, and this represents the spread that 

BNDES requires to acquire its funds (BNDES 2018c). It is then added to the BNDES’ margin, 

which is dependent on the type of power facility to be used and in the case of wind is a 1.3% 

margin. The final component is the credit risk spread which is dependent on the rating of the 

project and customer and the conditions of the loan with BNDES. 

In the indirect case, in which a financial intermediary is used to request the funds from the 

BNDES on the behalf of the asking institution, the formula is essentially the same but with small 

changes. Instead of the normal risk spread, it is substituted by the commercial bank spread 

agreed upon with the financial intermediary. Furthermore, there is an additional 0.23% financial 

intermediation fee added on. As such, the formula for the cost of funds in the indirect case is the 

following: 

 

Interest Rate: Cost of Funds + BNDES’ Margin + Financial Intermediation Rate + 

Commercial Bank Spread 

 

In terms of the amount that BNDES can disburse for the winner of the auctions, there are both 

minimum and maximum limits. BNDES will not award projects less than R$20 million, or in 

order to do so one must follow the BNDES automatic procedures and criteria. For wind projects, 
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the maximum amount that BNDEs will participate in via funding is 80%. Additionally, the 

project must be supported by at least a 20% equity stake, although it is worthwhile to note that 

BNDES has the potential to acquire infrastructure bonds that might be issued by the facility. 

Furthermore, the length of loans offered by BNDES in the 2018 auctions go up to 24 years or 

two years after the power agreement (BNDES 2018b).  

 

Previous Rules 

 

In the A-4 and A-6 2017 auctions and previous auctions for new power plants, there were two 

major differences in BNDES support for the projects: The rate of financing available and length 

of loan repayment. In terms of the financing rates that could be chosen, the potential borrower 

could choose to use the TJLP, TLP, or IPCA rates, instead of just the TLP and IPCA rates. This 

is part of a set of recent changes which have reflected BNDES’s need to shift away from the 

TJLP subsidized funding towards market prices (Caccuri 2018). The TLP rate represents the 

long-term rate by BNDES which has replaced the previous long term interest rate, TLJP, starting 

in 2018. The TLP is a more market-approximate rate of funds, whereas the TLJP has historically 

been a subsidized rate for businesses (Ogier 2017). Additionally, for wind projects, the length of 

the terms of the loan was only up to 16 years instead of the 24 years allowed in the 2018 

auctions. 

 

These rules mostly remain the same for previous auctions as well, although there are some 

differences in the maximum participation allowed by BNDES.  For 2015, this was capped at 

70% instead of the 80% in antecedent and subsequent years (BNDES 2015). Additionally, there 

are variations in the numbers used in BNDES’s margin; however, these are generally negligible 

due to the size of the differences.  

 

Penalties and Failures to Provide 

There are several penalties that operators may encounter if projects fail to produce enough 

energy to meet supply contracts or if the construction of the projects is delayed. This is in order 

to reduce the risk associated with project completion and operations, and to incentive providers 
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to fulfill their ends of the contracts. In order to mitigate project completion risk, projects are 

required to post a bond worth 5% of the estimated costs if they win an auction. This amount is 

retained by the government until the project is completed. In the situation that a project is 

delayed for more than a year, the government can exercise the option to keep the 5% bond given 

at the initial auction and also cancel the contract, although this is done on a discretionary basis 

(Hochberg & Poudineh 2018). 

To mitigate operations risk in the case of new energy auctions, if an operator fails to produce at 

least 90% of the contracted amount, or the project is delayed within a reasonable period, the 

owners of the project must pay a fee. This fee is equal to the greater the following: the average 

spot price for during this year this occurs or the contracted price, both multiplied by the amount 

of energy that the company failed to deliver. Additionally, this amount is evaluated on a four-

year basis as well. If generators fail to provide the amount contracted over the four-year 

timeframe, they are required to pay a fee that is greater of: the contracted price plus 6% or the 

average of the energy price during the four-year time frame, multiplied by the amount of energy 

that the company failed to deliver. In the case that excess energy is generated, operators may sell 

the excess energy to the market although the amount and price vary by the type of project 

involved. (IRENA and CEM 2015). 

In reserve auctions, the method is similar for failing to produce at least 90% of the contracted 

amount, except that the penalty is equal to 6% higher than the contracted price multiplied by the 

amount of company that the company failed to deliver. On the other hand, if projects produce 

15% more than their contracted amounts, they are eligible to sell this energy into the free market 

at 70% of the contracted price (Hochberg & Poudineh 2018). 

3.3.6 Tax Incentives 

 

On a national scale, one of the main tax incentives that exists is the Executive Decree 656, which 

provides tax exemptions for manufacturers of wind turbines. Specifically, the Decree states when 

purchasing parts involved in the production of wind turbines, manufacturers are not required to 

pay the tax portion for the Social Integration Program or the Contribution to Social Security 

Financing (COFINS) on the components purchased (IEA 2015). This number is equivalent to 3% 

of the monthly sales of a business using the cumulative method, or 7.6% of monthly sales minus 
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certain credited amounts for specific expenses (Equipe 2018). On a state scale, several states that 

are heavily involved in the development of wind farms, such as Bahia (BA) and Rio Grande do 

Norte (RH), have additional tax incentives for developers. However, it is worth noting that 

according to an interview with Camargo-Schuber done by the Ministry of Economic Affairs of 

the Netherlands, these incentives are not considered a major factor when deciding to invest 

(MEAN 2014). This is likely due to the fact that the tax incentives have relatively little impact on 

the cash flows of the project, whereas factors such as wind quality and the cost of construction 

play much bigger roles. 

 

Another tax incentive which has been extremely important to the sector is the creation of tax-free 

infrastructure bonds in 2012. Since 2012, private bonds linked to infrastructure projects are 

exempt from taxes (Wagner, Bertol, & Murphy 2014). This was designed in order to increase 

their attractiveness for private investors, and as such, they have been seeing increasing growth 

since the implementation of this law (Sophia Interview). Wind developers looking to raise funds 

via capital markets can take advantage of this law in order to increase the attractiveness of their 

projects, as well as lower their cost of funding from debentures due to not having to account for 

taxes when pricing. 
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4. Financing 
 

The ability to raise the funds necessary in order to finance the building of wind parks or 

investments in manufacturing capacity is critical to the development of the industry. 

Additionally, financing for wind (and solar) projects is different from the infrastructure or other 

forms of energy due to the lower complexity of installation and due to less risks from operation 

and maintenance. This results in wind (and solar) park investments being seen as lower risk 

investments than other projects.  As such, this lower risk generates a greater variety of players 

that enter the market, from development and commercial banks to capital markets and private 

investment (Schober 2018).  

In Brazil, investments in wind parks have been heavily funded by loans and asset financing, with 

capital markets and venture capital or private equity firms representing vastly smaller portions.  

Approximately USD 32.4 billion out of a total of USD 35.4 billion of cumulative financing in the 

wind energy came from asset financing between 2004 and 2017 in Brazil (Figure 8).  

 
Figure 8: Sources of Financing of Wind Investments in Brazil in USD Mio from 2004 to 2017. 

Own elaboration based on data extracted from BNEF 2018. 

However, this landscape continues to change over time and is likely to experience changes as 

wind energy develops even further in Brazil. In the following section, we will look at the various 

ways of raising funds in Brazil from both a historic and current perspective.  
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4.1 BNDES 

 

The biggest financier of renewable energy projects in Brazil is its public development bank, O 

Banco Nacional de Desenvolvemento Economico e Social (BNDES). The BNDES has 

historically acted as Brazil’s primary instrument for promoting and financing Brazilian national 

companies and production capabilities, previously giving heavily subsidized loans in order to 

support industries (Torres & Zeiden 2015). However, over the past couple of years, it has 

drastically reduced the amount of financing it has released as budget pressure and other 

consequences from the economic recession have forced it to change its presence in the market 

and the type of funding it can provide (Frischtak et. al. 2017). However, it is worth noting that 

this reduction has not been uniform across all sectors (BNDES 2018a). In the first half of 2018 

(January to June), the BNDES has released R$27.757 billion in disbursements, compared to a 

peak of R$190.419 billion over the entire year of 2013 (Figure 9). 

 

Figure 9: BNDES Annual Financing in 2018 R$ Mio by Type from 1995 to 2018. 

 
Own elaboration with data extracted from BNDES 2018a. 

 
There are two different ways of requesting funding from the BNDES that affect how the bank 

processes the applications and the fees involved: direct and indirect. In both cases, the funds are 

ultimately drawn from the BNDES. However, in the indirect case a business will ask a financial 

intermediary to handle the process of contacting and requesting funds from the BNDES, 

although the conditions remain the same. The direct option, on the other hand, requires that the 

entity requesting the loan goes directly to the BNDES, which then will process the application 
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and eventually decide whether to disperse funds for the asking institution. In addition, there are 

various financing lines through which an institution can request funds. For the wind industry, the 

BNDES FINAME line is the main credit line, and in 2018, the BNDES created a new renewable 

energy specific credit line through this program worth an initial R$2 billion of investments 

(BNDES 2018g).  

 

Through its use of these programs, the Banco Nacional de Desenvolvimento has held a dominant 

role in the financing of wind energy in Brazil throughout its growth. It has been able to develop 

and maintain this position due to two primary factors: subsidized rates and term lengths (Torres 

& Zeiden 2015).  

 

Table 2: Annual Interest Rates by Type of Funding in 2016. 

Own elaboration based on CEBDS 2016. 

The TLJP rate was the BNDES’s method of introducing subsidized financing to the market in 

order to generate demand, and it was requestable as the base rate for the financing of wind 

projects.  It has represented a subsidized rate of financing for BNDES loans compared to the 

SELIC, the overnight banking rate and government bond rates (Ogier 2017). In general, the 

overnight banking rate is the lowest possible interest rate that a bank would offer, as it represents 

a near-riskless rate to borrow funds for a very short time period (Investopedia Overnight). As can 

be seen in Figure 10, BNDES rates in comparison to the SELIC rate have been generally much 

lower despite the cyclical nature of the SELIC rate. Only by the end of 2017 did the rates 

converge due to budgetary restraints being placed on the BNDES because of the recession. As 

such, BNDES decided to phase out the TLJP rate by 2018 and replace it with the TLP rate, 

which more accurately represents the cost of financing of BNDES. This convergence towards 

market rates will not occur immediately, though, as the TLP will converge over a five-year 

period until 2023 towards the rate of the NTN-B, which is the Brazilian sovereign bond. In 2023, 

the TLP rate will equal the NTN-B and then will be adjusted to the IPCA inflation rate, thus 

approximating the actual cost of borrowing for the government (Faro 2017).   

Type of Funding

BNDES Funding

9.7%-11.6% 14.3%-15.3%

Bonds in Brazilian Real Bonds in Dollars with Hedge

14.1%-20.1%
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 Figure 10: SELIC vs. TLJP Historical Rates 

Own elaboration based on data extracted from Banco Central do Brasil 2018 and BNDES 2018e. 

Additionally, BNDES has offered long-term lengths on its loans in order to gain another 

advantage. Due to high interest rates, commercial banks have traditionally been informally 

excluded from participating in supplying long-term loans and thus BNDES has taken the 

majority of the market, although the private sector is growing. In the infrastructure and 

manufacturing segments, BNDES loans could extend up to 25 years, while on average a private 

refinancing loan had the maturity of 7 years (Torres & Zeiden 2015).  For wind auctions, it 

appears that the length of financing has become the main method for BNDES to remain 

competitive as it is being forced to align its rates more to market values. In the A-4 and A-6 

auctions of 2018, BNDES decided to raise the limit on the length of financing up to 24 years, 

opposed to 16 years which had been in place since the 2013 auctions (BNDES 2018b), indicating 

a strategy towards loan length advantage rather than pricing advantage (Caccuri 2018 & Schober 

2018).  

Due to these advantages in funding, up until 2014 BNDES had accounted for over 57% of the 

total financing for wind parks (CEBDS 2016). It has been increasing its participation in the 

funding of wind projects over time, reaching an annual average growth of 36% from 2010 to 

2017 in the amounts it has disbursed. Since 2016, wind has received the most funding of any 

BNDES area in energy. (BNDES 2017a). This dominance is extended to manufacturers of wind 

equipment as well, where they are practically the sole lender in this segment for the major wind 

turbine manufacturers (Boger 2018).  Interestingly, despite the heavy reduction in disbursements 
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since 2014 (Figure 9), it reached a record level of funding in 2017 of R$9150 million towards 

wind (Figure 11).  

Figure 11: BNDES Financing for Wind Parks in 2018 R$ Millions. 

 

Own elaboration based on data extracted from BNDES 2018a1.  

What has resulted from this situation is the crowding out of private bank or capital market 

alternatives in order to provide funding for wind projects. As such when firms are unable to 

obtain BNDES financing, they can have a lack of alternatives for funding projects (Rowley 

2018). This situation is expected to change in the future as the development bank can no longer 

offer subsidized rates, however, this process will take time (Ogier 2017). 

4.2 Other Banks 

 

Although BNDES has long held the dominant position in the industry, other development banks 

and multilateral institutions have not been completely excluded from the situation. Instead of 

lending directly, however, they have often chosen to partner with BNDES in order to supply 

funding. Banks such as the European Development Bank (EDB) and the Inter-American 

Development Bank (IDB) have directly given loans to BNDES in order to fund various 

renewable energy projects and sustainable goals (CEBDS 2017). In 2014, KfW, a public German 

development bank, lent USD 97.3 million to BNDES with the specific directive of financing a 

series of wind parks totaling 80MW of installed capacity (KFW 2015). This type of lending 

represents a way of BNDES raising funds through the mandates or objectives of banks which 

have certain developmental or environmental mandates, rather than to generate profit. 

                                                 
1 Data collected until June 2018. 
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Other national banks, such as the Banco do Nordeste (BNB), have additionally been active in the 

segment. In the 2017 A-4 and A-6 auctions, BNB started to increase its participation in loaning 

for the winners. In total in 2017, the bank lent R$3.6 billion to infrastructure projects, with a 

focus on renewable energy projects such as wind and solar. In 2018, the budget for renewable 

energy projects has been elevated to R$27 billion through the constitutional fund for the 

Northeast (Ambiente Energy 2018).  

In terms of commercial banks acting in the segment, their participation has been low due to the 

lack of competitiveness of financing when compared to the national development banks. 

Furthermore, local commercial banks appear to have an aversion to using their own funds in 

financing the wind sector in Brazil, instead opting to use capital markets or money lent from the 

BNDES. International banks have also had very little presence in this market, as virtually none 

are currently using traditional project finance financing structures in which they take the risk of 

the project and provide their own funding (Schober 2018). In addition, for international banks 

wanting to enter into the financing of wind energy in Brazil, another obstacle is the ability to 

fund in local currency due resulting from the currency mismatches in the revenue streams and 

the financing (Rowley 2018). This creates a preference for real funding; however, due to low 

local bank participation in the sector, there is still space in this segment for international banks to 

create solutions for funding in reals instead of local banks satisfying the demand (Schober 2018). 

4.3 Capital Markets and Green Bonds 

 

Capital markets for infrastructure projects in Brazil are still developing, although they have seen 

a major boost in demand and have shown year over year growth since the tax-free debenture law 

for infrastructure projects went into effect in 2012 (Cacurri 2018). In particular, in the past 

couple of years, capital market products have been seeing greater interest in Brazil as funding 

from other sources has been scarce (Jelmayer 2018). In particular, though, wind parks have 

begun to use bonds as a substantial form of financing. Since 2014, wind parks have emitted over 

R$2.5 billion in bonds specifically for the wind parks, not including amounts that go to 

transmission or other supporting services (ANBIMA 2018). Although the majority of the 

projects’ financing still comes from BNDES loans, constituting from 50 to 70% on average, 
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around 20% is derived from debentures in order to ensure competitive pricing within auctions 

(Ogier 2017).  

In terms of demand for these products, investing in wind farms and debentures in general has 

become more attractive recently for two main reasons. When choosing to invest in the energy 

segment in Brazil, thermoelectric power has been encountering problems with generating returns 

and insolvency and, as such, investors are beginning to show preference for wind and other 

sources of energy generation as a result. Furthermore, infrastructure bonds can be seen as more 

attractive for financing compared to BNDES loans due to the speed at which they can be 

processed. Due to long processing and disbursement times with BNDES financing, money can 

be tied up in projects which can affect the rate of return of projects and the ability to pay 

dividends. Furthermore, in addition to the speed, capital market products offer greater flexibility 

due to less rules associated with them compared to BNDES products (Cacurri 2018). 

Although the general market for debentures in wind markets and infrastructure is growing, a 

focus on investing in the sustainability aspect of wind projects is still minimal when compared to 

the focus on returns (Cacurri 2018). In particular, the market for green bonds is quite small when 

compared to the overall market for bonds, representing only 0.2% of bonds emitted in the first 

and second trimester of 2017 when compared to the global average of 4% (SITAWI 2017). 

Table 3: Selected Green Bonds Emissions in Brazil. 

Emissor Emission 

Date 

Total Value 

(Mio) 

Destination of 

Resources 

BRF SA Jun-15  €              

500.00  

Diverse including 

Energy 

Suzano Paper and 

Cellulose 

Jul-16  $              

500.00  

Diverse including 

Energy 

CPFL Renewable 

Energies 

Oct-16  R$            

200.00  

Wind Energy 

Suzano Paper and 

Cellulose 

Nov-16  R$         

1,000.00  

Forestry 

Fibria Jan-17  $              

700.00  

Diverse including 

Energy 

Omega Energia Mar-17  R$             

42.40  

Wind Energy 

Rio Energy May-17  R$            

111.80  

Wind Energy 

BNDES May-17  $           

1,000.00  

Wind and Solar Energy 
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Klabin Sep-17  $              

500.00  

Diverse including 

Energy 
Own elaboration based on data from SITAWI 2017. 

 

In 2016, the value of green bonds issued in Brazil totaled approximately USD 690 million in the 

energy sector, accounting for 23% of the total emission of green bonds (Torinelli 2018). By 

October of 2017, the market for green bonds had reached over USD 3.67 billion in total in Brazil 

and was expected to hit USD 4 billion by the end of the year (Chiaretti 2017). In particular in the 

wind sector, private initiatives to issue green bonds are just starting, with CPFL Renováveis 

being the first business to issue internationally certified green bonds in South America in 

October of 2016, issuing a total of R$200 million in order to help finance 231MW of wind parks 

(CPFL 2017).   

Additionally, BNDES has begun to start use green bonds as a way of generating funding for 

wind projects. In May 2017, the development bank issued bonds worth a total of USD 1 billion 

on the Luxembourg Green Exchange, becoming the first Brazilian bank to launch an 

international green bond. The bond was launched with a 4.75% annual coupon rate and will 

expire in 7 years from the issuing date (BNDES 2018d). Overall, this can be seen as an important 

new step in developing the green bond market in Brazil for renewable energies. It also shows a 

new step in BNDES’s strategy in order to continue provide a large portion of wind funding 

despite its inability to continue to offer subsidized rates and with the constraints of Brazil’s fiscal 

situation. 

4.4 Equity and Investors 

Private equity and venture capital investments still remain scarce in the wind industry in Brazil, 

representing only 1.6% wind investment in Brazil. However, this amount is not far from the US 

average of 2% (BNEF 2018) and it overlooks the amount contributed by companies owned by 

private equity firms and private firms, as well as the actual equity amounts put into the projects 

by energy developers. As stated in the auctions chapter (Section 3.3.5), at least 20% of the cost 

of wind projects that qualify for BNDES financing during auctions must be provided by equity 

by the operating firms. This number also overlooks M&A deals being made in Brazil. The 

market for mergers and acquisitions has been increasing in Brazil since 2006 and in 2014, alone, 

there was a total of USD 3.6 billion specifically for wind deals in Brazil. This creates additional 
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liquidity in the wind development market, which is especially important as it creates more exit 

options for private developers of wind farms, thus increasing the attractiveness of wind energy 

(IRENA 2016). 

Furthermore, with BNDES beginning to go towards offering market rates and likely reducing its 

size in the market, there will be more space for other long-term investors to supply funds for 

projects searching for financing. As such, there is opportunity for individual investors and long-

term investors, such as retirement or pension funds, to step in to fill the gap, although this will 

require teaching investors about the market (Rowley 2018). Some of these funds have already 

begun to invest in Brazil, such as Cubico Sustainable Investments (composed of two pension 

funds and Santander), which invested $494 million into 392MW worth of wind park 

development in 2016 in Brazil (Falconer 2016). 

Other investors are private equity firms that act primarily through the management of electricity 

companies. One of the biggest private equity firms acting in Brazil is Actis, a United Kingdom 

based company which owns Atlantic Renewable Energies and Echoenergia in Brazil. Both of 

these companies operate wind assets in Brazil, and Actis has already committed over USD 900 

million in equity to renewable resources within the country (Leahy 2017).  
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5. Implementation of Goals and Mechanisms 

In this section, we will explore the progress made in the development of installed capacity of 

wind energy in Brazil. This will primarily look at the use of the auction mechanism in Brazil and 

how it has affected the growth of wind capacity, with a particular focus on adherence to 

schedules and the effect on pricing of the energy itself.  

5.1 Current Progress 

 

In terms of actual development and utilization of these resources, as of 2005, Brazil had only 

developed slightly more than 27 MW of wind farms (BNEF 2018). Since 2002, however, Brazil 

has begun to concentrate more resources into wind energy generation and has become the eighth 

largest producer of wind power in the world in terms of cumulative installed capacity according 

to the Brazilian Association of Wind Energy (ABEEolica 2017 Boletim). By the most recent 

estimates, the number of wind farms in Brazil has reached 538 total wind farms to reach a 

cumulative capacity of 13,240 MW (Abeeólica 2018), accounting for approximately 8.2% of 

Brazil’s installed power matrix when including imported energy (Figure 3). Considering that 

wind only produced 0.2% of the total electricity in 2009, this demonstrates the impressive rate of 

growth that Brazil has been seeing in this area (França 2011).  

A majority of this growth can be attributed to the auction system that in 2009 began to 

implement wind energy into the mechanism, as well as an initial boost from the 2004 PROINFA 

program. From 2009 to 2017, total wind capacity has grown by a compound annual rate of 

53.7%, increasing from 606.69MW to 12319.5MW. This represents a total growth of 1930% in 

the span of only 8 years, or an increase of 11.7GW (roughly 1.46 GW per year in additions) 

(Figure 12). However, this impressive growth can be divided into two major phases: 2009-2013 

and 2014-2017.  



48 

 

 

Figure 12: Wind Capacity Additions 2009-2017 in Brazil (MW). 

 

Own elaboration based on data extracted from BNEF 2018. 

From 2009 to 2013, the cumulative capacity of installed wind turbines grew by from only 

327MW at the end of 2008 to reach a total of 2240MW by the end of 2013. This growth 

remained at the relatively same level of additional capacity each year, an average of 382.5MW 

added per year. These additions, as well as the 370MW of wind power constructed between 2006 

and 2009, are largely the result of the PROINFA program that was launched in 2002 (although 

2012 & 2013 include additions from auctions in 2009 and 2010). Overall, PROINFA contracted 

the addition of 1422MW of wind energy to be initially delivered in 2006; however, by the time 

of delivery, only 1 out of 51 contracted projects were ready to be put into operation on schedule. 

The reasons for this were threefold: issues with raising funds, lack of manufacturing capacity 

(only 550MW per year starting in 2006), and need for revisions of the projects (Dutra & Szklo 

Energia). As such, the contracted amount took a drastically longer amount of time to be 

completed and had its deadlines extended to 2010 and 2011, with Brazil only surpassing 

1422MW in total capacity by 2011 (IRENA 2015). 

In the 2014-2017 period, though, the average capacity added per year increased to 2520MW, 

over 6.59 times the 2009-2013 average. The main driver for this massive increase is the 

contracted power from auctions coming on-line, although at a delay from original dates. 

According to ANEEL documents, more than half of the projects contracted in the 2009 and 2010 

auctions encountered delays of more than one year for construction or connection problems, 

although the vast majority of problems were related to connection issues (Elizondo et. al., 2014). 

This was due to previous stipulations for the generation and transmission being linked together in 

auctions, which was later discontinued in 2013 due to the problems with delays (AURES 2016).  
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Figure 13: State of Wind Projects Contracted in the 2009 and 2010 ANEEL Auctions. 

  
Source: Elizondo et. Al., 2014 

For the more recent auctions, though, results have been more promising in regards to 

implementation. In 2012 and 2013, the actual additional capacity added was lower than the 

auction projected amounts by 1413MW and 1737MW respectively, which in 2013 resulted in a 

peak discrepancy of 3150MW between actual and auction projected cumulative capacity. 

However, with delayed projects being completed and changes in the transmission rules reducing 

construction problems, these deficits have been reversed and resulted in almost zero discrepancy 

between the auction projected amounts and actual cumulative capacity in 2017 (Figure 14).  

Figure 14: Auctions vs. Actual Growth in Wind Capacity in MW. 

 
Own elaboration based on data extracted from BNEF 2018 & ANEEL 2018a. 

Nonetheless, these numbers portray an overly optimistic reversal of previous delay problems. 

The numbers used in the projects exclude additions of capacity which were not constructed as a 

result of auctions. According to ANEEL’s authorization system, 32.2% of the projects in the 
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free market. This accounts for a total of 1606MW in extra wind energy that will be added to the 

network, indicating that a potentially significant portion of the previous years’ added capacity 

represents non-auction capacity (Figure 15). 

Figure 15: Auction vs. Non-Auction Projects in the Current Pipeline. 

 
Own elaboration based on data extracted from Aneel 2018d. 

This is further supplemented by analyzing the progress and timetables of projects in the pipeline. 

From 2016 to 2018, the number of projects that are considered to have severe problems and 

therefore no estimated completion date increased from 719MW to 1154MW. This represents a 

change of projects without expected date of completion from 8.6% to 21% of the total project 

pipeline, although there was an overall reduction of 34% in the MW capacity of the pipeline 

which contributes to this larger proportion (Figure 16). 

Figure 16: Status of Restrictions to Entry for Projected Wind Operations, July 2018 

 
Own elaboration based on data extracted from ANEEL 2016 and 2018b. 
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Additionally, in 2016, no wind energy projects were contracted due to a variety of reasons. First, 

due to the economic situation and unclear future with the recession, in the A-5 auctions the five-

year implementation time appeared too risky for wind park investors to provide adequate bids. 

Furthermore, with the contracting economy, Brazil’s electricity needs were not growing 

according to previous expectations and thus the reserve auctions of 2015 were initially delayed 

until 2016 and then cancelled due to surplus energy. This sent a temporary scare through the 

market as it removed the certainty of regular auctions for this type of energy and thus regular 

demand (Weston 2016), although with the A-4 and A-6 auctions that occurred in 2017 and 2018 

this fear has subsided partially. 

5.2 Current State of Future Installations 

 

In total, the ANEEL sanctioned auctions have so far contracted the construction of 17989MW in 

wind to be brought online by 2024. In terms of planning for future additions and build-up of the 

electricity network, Brazil uses the ten-year national expansion plans in order to set its objectives 

and explain the measures in order to achieve them. As stated previously, Brazil has set its 

objectives to diversify its electricity generation and is developing resources such as biomass and 

solar to achieve these goals. 

Total investments made by BNDES between 2015 and 2018 in the electricity sector are expected 

to hit R$192.2 billion, with R$118.8 billion going to generation investments and R$35.5 billion 

specifically being allocated to wind projects (BNDES 2014). Total investments are expected to 

fall by 16.2% to only RS160.3 billion in the 2018-2021 period. Assuming that the same portion 

will be allocated to wind projects, this amount will equate to R$30.46 billion, although due to the 

strong performance of wind in 2017 and the resumption of auctions, these number are to be 

revised upwards by R$10 billion for this time frame (BNDES 2018f). In terms of general 

investment, EPE 2026 Expansion plan anticipates a total of R$246 billion to be invested in the 

generation of electricity between 2016 and 2026 (MME 2017a). 

 

According to the Empresa de Pesquisa Energética 2024 expansion plan, by 2024 the EPE expects 

to install an additional 11 GW of wind farms in order to achieve the goal of 24.2 GW in total of 

installed capacity in Brazil. However, only including estimates of additions contracted by the 
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auction system, this number is expected to only achieve 19,525 MW by 2024, or only 81.3% of 

the goal. This is further supplemented by BNEF data estimates, which only predict 19,200MW 

of wind energy to be built 2024, or 80% of the goal (BNEF 2018). Although these numbers leave 

out the significant portion of non-auction sanctioned projects that are likely to be contracted, if 

we assume they remain at same 32.2% portion of the pipeline, they will only account for an 

additional 1205MW in installed capacity (the 2019-2024 pipeline for contracted auctions is equal 

to 3741MW). As such, the final result would be 20730MW of installed capacity in 2024 in this 

situation, or still only 86.4% of the 2024 goal. 

Table 4: EPE 2024 Expansion Plan to SIN Timeline by Type of Domestic Energy. 

Type 2014 (GW) 2019 (GW) 2024 (GW) Change 
(GW) 

% Change 

Hydro 87.6 107.2 118.1 30.5 34.8% 

Nuclear 2 3.4 3.4 1.4 70.0% 

Fossil Fuels 19.6 23.3 29.6 10 51.0% 

Biomass 11.8 13.5 17.3 5.5 46.6% 

Wind 4.9 13.5 24.0 19.1 389.8% 

Solar 0 4 7 7 N/A 
Own elaboration based on data extracted from EPE 2015.  

 

With the adjustments to the 2024 plan in the EPE’s 2026 energy expansion plan, the ministry has 

a goal of developing 15.4 GW more of energy from the current capacity to reach 28.6 GW in 

2026 (MME 2017a), requiring R$68.9 billion in investments in order to meet this goal. Of these 

projected additions, 20% is planned to occur in the Southern region, while the remaining 80% 

will be for the Northern region (EPE 2017). However, as stated above of, only 3,864 MW of this 

volume has been contracted or is expected to be installed, with the immediate concern lying in 

the 2020-2022 period. Due to the cancelation of the 2016 auctions and changes in the 

implementation time, 2020 currently has zero further additions planned to the grid via the 

auction system, while 2021 and 2022 are well below targeted goals as well (Figure 17).  
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Figure 17: EPE 2026 Expansion Plan vs. Contracted Future Capacity. 

 
Own elaboration based on data extracted from EPE 2017 and ANEEL 2018a. 

 

These deficits between 2020 and 2022 are unlikely to be addressed via the auction system if the 

current rules continue for four and six-year implementation times with no more auctions 

scheduled this year. Additionally, strong preferences for longer implementation dates for wind 

projects in the recent auctions hamper the possibility of shorter-term auctions successfully 

remedying this situation. In the 2017 and 2018 auctions, wind energy in the A-6 blocks 

contracted 36.1% and 59.6% of total capacity auctioned, respectively, compared to 9.5% and 

11.1% of the total capacity in the 2017 and 2018 A-4 blocks (ANEEL 2018a). Thus, in the 

absence of strong levels of non-auction wind energy projects, in the next four-year period there is 

a strong likelihood of not being able to meet stated goals. For 2023-2026, the likelihood of 

meeting the 2026 Expansion plan’s targets are can be considered higher due to the fact that the 

amounts still have yet to be contracted. 

5.3 Cost Analysis & Results 

 

Auctions appear to have an extremely effective mechanism for inducing interest in wind power 

investments and as a price-reducing driver, although they have not been without their flaws. 

Looking at the difference between the first PROINFA facilities and the auctions that occurred 

until 2012, the price drops from an average of 704.9 R$/MWh to 125.7 R$/MWh respectively, or 

an 82.2% reduction in price when adjusted in 2018 R$ levels (Figure 18). This occurs despite a 

global increase in the prices of wind turbines that occurred with a peak in 2007-2010, as well as 
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a relatively equal global levelized cost of wind energy between 2004 and 2012 (IRENA 2018). 

Effective bidding mechanisms likely caused a significant portion of this effect, as well as 

secondary effects such as greater expertise and more developed markets. However, these are also 

likely a result of the increased demand for wind energy via the auctions, and thus can be 

considered an indirect effect of the auctions. 

Figure 18: Average Auction Price for Wind Energy from 2004 to 2018 in Brazil. 

Own elaboration based on data extracted from ANEEL 2018a, Federal Reserve (2018), Banco Central do Brasil (2018). 

 

Average prices begin to rise again from 2012 to 2015, going from low of R$/MWh 125.7 in the 

A-5 June 2012 auction to a peak of R$/MWh 235.9 in the September 2015 reserve auctions, at 

which point they fall 59.5% to an average of R$/MWh 95.4 in the 2017 and 2018 auctions. 

Unsurprisingly, this coincides with the economic recession that Brazil experienced in 2015 in 

2016 (Figure 19). From the period between 2009 and 2015, the correlation between the average 

weighted auction price and GDP growth was -0.696, indicating that as GDP was growing it was 

negatively correlated to prices. 
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Figure 19: Price of Auctions in Brazil versus Annual GDP. 

 
Own elaboration based on data extracted from ANEEL 2018a and World Bank 2018a. 

One explanation for this effect is that the recession affected the industries within the sector, but 

in particular, it also forced the BNDES to sharply retract its level of lending. This thus created a 

bottleneck for wind park financing, as BNDS was the primary lender in the segment (AURES 

2016). This in turn created an upwards pressure on prices through the scarcity of subsidized or 

cheaper funding, as well as increased import prices due to a forty percent drop in value of the 

Brazilian real compared with the dollar. Additionally, a change in the rules for estimating 

maximum power offering by wind plants that went from expected generation to probable 

generation helped lead to an increase in prices starting in 2013 (IRENA 2017). 

On the other hand, despite the negative effects of the dominance of BNDES funding in the 

market when disbursement became constrained, the allocation of BNDES funding in the segment 

appears to have had a positive effect on the development of the wind industry. This is due to the 

incentivized greater investment and participation via subsidized funding and long-term contracts 

suitable for these types of projects that may have not existed otherwise given the economic and 

financial system situation within Brazil (World Bank 2015). 
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6. Development of Local Supply Chain 
 

The development of the local supply chain, as stipulated by the local content rules implemented 

through BNDES funding and actions, will be analyzed along three major factors: local 

production and investment, industry competitiveness and concentration, and levels of imports 

and exports. These measurements will have a focus on the 2014 to 2017 timeframe. 

6.1 Local Production and Industry 

 

According to the Brazilian Agency for Industrial Development, the BNDES local content rules 

have proven a major factor in developing the national manufacturing network for the wind 

industry in Brazil. First being implemented in 2012, the required levels of local components and 

services involved in manufacturing in order to receive subsidized loans has been increasing at a 

steady level and has required local and foreign companies to be accredited by the BNDES to be 

eligible (ABDI 2018a).  

Table 5: Change in National and Certified Manufacturers in Brazil from 2014 to 2017. 

National Manufacturers by Component Previous New Total %∆ 

Turbine Manufacturer Certified by BNDES 5 1 6 20% 

Steel Towers 9 0 9 0% 

Concrete Towers 4 3 7 75% 

Blades 4 0 4 0% 

Steel Towers 8 8 16 100% 

Concrete Towers 5 4 9 80% 

Internal Elements of towers 15 13 28 87% 

Parts for Blades 7 6 13 86% 

Cube Subcomponents 14 16 30 114% 

Subcomponents of Rotors 5 9 14 180% 

Nacelle Structural Components 8 8 16 100% 

Yaw System 3 12 15 400% 

Generators (with gearbox) 1 3 4 300% 

Subcomponents for Turbines w/o gearbox 7 2 9 29% 

Nacelle Fairing 3 3 6 100% 

Brake System (Rotor Lock) 0 7 7 N/A 

National Manufacturer of Convertors 2 4 6 200% 

Transformers 5 0 5 0% 

Accessories, Cables, and Buses 5 0 5 0% 

Subcomponents of Main Axle 5 3 8 60% 

Machining Services 0 3 3 N/A 

Other subcomponents of Nacele 3 11 14 367% 

Total of National Providers and Manufacturers 113 115 228 102% 

Total 118 116 234 98% 
Own elaboration based on data extracted from ABDI 2018a. 
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The number of companies that were registered as manufacturers or providers of components of 

the wind turbine supply chain increased by 98%, from 118 In 2014 to 234 by 2017. In terms of 

national providers or manufacturers, this percentage is slightly higher at 102%, adding 115 new 

manufacturing participants to reach 228 in 2017. Some of the most notable improvements are in 

the manufacturers of the yaw system, subcomponents of the nacelle, and cube components with 

increases of 400%, 367%, and 114% between 2014 and 2017 (Table 5). It is important to note 

that in the above list, though, companies can be listed in more than one section and thus the 

numbers do not reflect the total number of new companies.  

In general, manufacturing presence in the subcomponent areas saw the greatest increases in the 

amount of business participation, with the actual number nacelle and cube/rotor subcomponent 

businesses increasing by 57% from 2014 to 2017 (ABDI 2018a). Overall, the network of 

industry for the manufacturing of wind turbines and components can be considered a strong 

success as current turbine production incorporates approximately 80% of national content 

(GWEC 2017). 

Table 6: Manufacturers of Main and Subcomponent Parts of Wind Turbines in Brazil from 2014-

2017. 

 

 

Own elaborations based on data extracted from ABDI 2018a. 

These increases in national production have resulted in large amounts of money being invested in 

order to build up capacity and meet new requirements. In the period from 2012 to 2015, the 

BNDES estimates that the level investments in creating or improving local manufacturing 

capability totaled USD 500 million across 49 different projects (Santos 2015). Additionally, 

approximately 150,000 workers are estimated by ABEEólica to be directly employed through the 

Main 2014 
New 
2017 2017 %∆ 

Turbine 5 1 6 20% 

Towers 13 3 16 23% 

Blades 0 4 4 N/A 

     

Subcomponents    

Nacelle 32 56 88 175% 

Tower 28 25 53 89% 

Blades/Rotor 26 31 57 119% 



58 

 

 

wind sector, although this number applies to the overall sector and not specifically those 

involved in production capabilities (ABDI 2018a).  

6.2 Industry Competitiveness and Competition 

 

Since 2014, manufacturing capacity of major components of turbines in Brazil has remained 

roughly the same, with capacity generally much higher than demand (other than a small 

exception in 2017). In terms of the company’s present, however, the composition of the market 

has been changing to reflect the exit of companies and mergers that are reflective of the global 

wind industry rather than specifically in Brazil. The major mergers in this period were GE-

Alstom, Nordex-Acciona, and Siemens-Gamesa. GE additionally purchased LM Wind Power in 

the blade segment (ABDI 2018b).  

Figure 20: Change in Turbine Manufacturers by Capacity and Year in Brazil. 

Own elaboration based on data from ABDI 2018b. 

In the turbine manufacturing segment, we observe that several companies exit production (in 

particular IMPSA) while others enter, keeping the overall supply relatively constant. From 2014 

to 2017, although the number of manufacturers falls from 7 to 6, the market becomes more 

equitable as the existing companies have more similar market shares. In terms of the origin of the 

manufacturers, only WEG is the truly national manufacturer with its headquarters in Brazil. It 

has grown its capacity 500% in the period from 2014 to 2017, going from 24 to 144 units in 

annual manufacturing capacity (Figure 20). The other five are multinational companies with 
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origins mostly based in Europe, although all six manufacturers meet BNDES local content 

conditions.  

Figure 21: Change in Blade Manufacturers from 2014 to 2017 in Brazil. 

Own elaboration based on data from ABDI 2018b. 

With respect to blade manufacturers, the suppliers remained the same yet shared the same pattern 

of reducing the monopolization in the field. In 2014, Tecsis owned over 67% of the total 

manufacturing capacity for blades but fell to 35.7% by 2017. The other companies, however, 

each respectively increased their capacities, with Aeris increasing its capacity by 400% to reach 

2000 blades per year. Overall, though, the total capacity of the Brazilian blades industry fell from 

8900 to 7000 from 2014 to 2017 (Figure 21), likely reflecting an overcapacity that has been seen 

in the supply and demand for wind turbines in Brazil.  

Figure 22: Change in Steel Tower Manufacturers from 2014 to 2017 in Brazil. 

 

Own elaboration based on data from ABDI 2018b. 
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The manufacturing of steel towers, on the other hand, saw a consolidation of the industry as 

several companies exited from 2014 to 2017, going from seven to four primary manufacturers. 

Gestamp is now the major player in the industry, increasing its capacity by 150 in the three-year 

period to a total of 600 units per year. It now owns approximately 50% of the industry’s capacity 

in steel tower manufacturing, while T.E.N., Torrebras, and Engebasa own roughly equal parts. 

Despite these changes though, the overall capacity remained virtually the same (1188 vs 1190 

units per year in 2014 and 2017 respectively) (Figure 22). 

6.3 Imports and Exports 

 

In measuring the growth of local industry to supply the needs of wind farm developers, both in 

quantity and quality, analyzing the trade flow of Brazil of imports and exports of wind related 

components gives a more complete view of the effectiveness of the local supply chain. The 

analyses here come from the techniques employed by Vossenaar 2016, which use data collected 

from the publicly available UN COMTRADE data (2018) to analyze the trade flows of wind 

turbine related components. The years 2005 to 2017 are used as they represent the time in which 

Brazil’s wind energy market has seen the largest growth and implementation plans.   

Figure 23: Imports and Exports of Wind Turbine Related Goods by Year in Brazil. 
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Own elaborations from UN COMTRADE 2018, using Vossenaar 2016.  
 

The major trend observed from the import volumes of wind-related components over time is that, 

in general, import volumes were increasing until around 2014, at which point they have begun to 

decline. Analyzing the “electricity generating wind sets” category, this occurs slightly earlier 

(between 2011 and 2013) and has a peak of USD 456 million in imports in 2011, although this 

number remains high until 2013. By 2017, however, the number of electricity generating wind 

sets falls to roughly 1% of its 2011 peak, to only USD 4.62 million in imports. Steel towers and 

masts demonstrate a similar pattern, peaking at approximately USD 69 million of imports in 

2013 and 2014 but then declining to USD 1.07 million by 2017, or 1.5% of the peak values. 

Interestingly, these two categories are the only ones out of the four total categories that have all 

or the majority of their content related to the wind-industry. “Blades and hubs” and “Gearboxes 

and Related Components” demonstrate similar patterns, peaking in imports around 2013 and 

2014 and declining significantly in the subsequent years, although their 2017 levels remain at 

57% and 62% of their respective maximums (Figure 23). However, these categories also include 

significant portions of non-wind industry goods, so their direct effect is hard to measure (Jha 

2017).  

Overall, the decreasing level of imports in wind-related good (in particular those in which the 

wind industry composes the majority of the value of goods) since 2014 points to a stronger local 

industry for supplying wind components when viewed in conjunction with steady increased 

growth in wind demand in the same period.  

6.4 Cost Analysis and Results 
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Several major trends can be observed in the national production of the wind turbine supply chain. 

First, we have seen a major increase in the number of businesses that produce parts related to the 

supply chain, in particular in the subcomponents areas. This is both a result of an increase in the 

absolute number of businesses, as well as the number of businesses that participate in additional 

segments. In terms of the major producers and assemblers of the main components (turbine, 

blade, tower), the market saw several changes in the participating businesses; however, overall, 

the total manufacturing capacity has remained roughly the same and is generally more sufficient 

than Brazil’s internal demand. 

Considering that the production of the wind turbine itself accounts for 66% to 84% of the total 

installation cost (Gorini 2018), lowering the costs of production should have a strong effect on 

the overall installation price and investment needs expected for the creation of windfarms. We 

observe this effect over time in the investment volumes estimated in ANEEL’s public auctions, 

which have been trending downwards from USD 2,620,000 per MW in the 2009 auction with 

wind participation in 2009 to USD 1,411,000 per MW in the latest A-6 auctions that occurred on 

March 1, 2018. Although the cost trend downwards has not been uniform, overall it has trended 

downwards from well-above average global installation prices to around the same in the past two 

years (Figure 24). 

Figure 24: Cost per MW of Wind Installed in Brazil Auctions vs. Global Average in USD. 

 
Own elaboration based on data extracted from ANEEL 2018a and IRENA 2018. 

 
A major possibility for explaining the closing of the price gap between local and global costs is 

the improved efficiency of the manufacturers and supply chain, as well as greater 
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firms into the supply chain have likely increased the level of competition and innovation within 

the local industry, which in turn drives down costs. Other possibilities include the improving 

skill and knowledge of local labor forces in the industry in general, with a particular focus on 

installation as it is the second highest cost in building a wind farm (Gorini 2018). Both of these 

would have reasonably increased over the years as manufacturers and developers take on more 

projects and knowledge is disseminated throughout the community (IRENA 2016). 

Further evidence can be seen of the effect of a more effective supply chain when observing the 

correlation between the R$ and USD exchange rate and average winning auction price over time. 

From 2009 until 2015, the prices of the average winning bid in wind auctions in Brazil were 

closely correlated with the R$/USD exchange rate and followed almost an identical pattern. 

However, starting in 2017, the previous four auctions have shown a strong downwards trend in 

R$/MWh pricing that diverges from the exchange rate (Figure 25). The large increase in local 

participation in manufacturing in the timeframe and the incorporation of around 80% local 

content in the supply chain could help to explain this trend as a reduction in the dependence on 

imports would reduce the level of correlation between exchange rates and costs. This is further 

supplemented by the trends observed in the import scenarios of goods related to the wind 

industry in Brazil, which mostly peaked in 2014 but have since been reducing in general (Figure 

23). Other reasons explaining the recent strong decrease in prices include the increasing 

efficiency and capacity factors of Brazilian wind farms and technology (IRENA 2018). 

However, technology and capacity factor explanations fail to provide sufficient evidence, as they 

do not explain a sudden divergence in the relationship between the variables. 
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Figure 25: Exchange rate of R$/USD vs. Auction Price over time in Brazil. 

 
Own elaboration based on data extracted from ANEEL 2018a and Investing.com.  

 

6.5 Future Outlook 

 

The future of the existence of wind energy and the supporting supply chain within Brazil will 

depend on the continuance of government policies, continued demand, and adaptation in order to 

survive. In Brazil, in order to keep the supply chain functional and sustainable, approximately 

2GW of wind turbines must be purchased each year to ensure the profitability of both suppliers 

and the turbine manufacturers (GWEC 2017). However, with the economic recession in 2015 

and 2016 and the cancellation of the 2016 auction, the demand for turbines has dropped well 

below this level. However, this fall is only being experienced now due to the lag times in the 

auctions. 

As such, this deficit is forcing the manufacturers to employ various strategies in order to remain 

in business. One of the main strategies being employed is the major turbine companies making 

investments in the supply chain and the suppliers in order to keep them from closing, even if this 

means that the investments in the short-run generate a negative return (Boger 2018). Another is 

relying on maintenance revenue streams to help balance out the lack of demand on the 

production side (Mentone 2018); however, this requires that the manufacturers already have sold 

a sizeable volume of turbines within Brazil. Furthermore, this buffering mechanism could 

potentially act as a barrier to entry for any other turbine manufacturers from entering this 

segment, as they would not have the capacity to offset demand shocks with maintenance 

revenues without having sold a significant volume already. 
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A major external threat to continuance of wind energy investment and demand in Brazil is the 

development of solar energy. As of now, on a global scale, wind is still cheaper than solar panels 

in terms of cost per MW and wind technology is still expected to continue improving. However, 

solar panel technology has been rapidly decreasing in price and by 2017 had almost reached the 

same levelized average cost as wind (Figure 26). Furthermore, solar has much lower installation 

and maintenance costs, whereas wind technology is increasingly running into logistics and 

shipping problems in Brazil as the size of towers and blades and thus the equipment required to 

move them are increasing (Boger 2018 & Mentone 2018).  

Figure 26: Global Average Levelized Costs for Onshore Wind and Utility Solar Projects 2010-2017. 

Own elaboration based on data extracted from IRENA 2018. 

Additionally, with the rising popularity of the idea of distributed generation as a means of 
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In order to compete with this threat, turbine manufacturers will have to adopt new strategies or 

technologies to compete with solar or small-scale hydro or perhaps need to find a way to 

implement the two technologies together as a compromise (Mentone 2018).  

One opportunity that could potentially generate enough future demand for the segment is off-

shore wind energy developments, although this type of technology is unlikely to be implemented 

in the short-term due to the fact that there still remains a large quantity of attractive land to be 

developed in Brazil (Mentone 2018). There has already been some interest in the segment 
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park (Ruddy 2018a), although, to date there are no offshore wind installations in Brazil (BNEF 

2018). However, if this industry is to be developed, it will need the support of the government in 

order to compete with other technologies (Mentone 2018). 
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7. Conclusion 
 

7.1 Takeaways 

 

Overall, Brazil has undertaken major initiatives in the past several years to encourage the 

diversification of its energy mix and, in particular, to develop wind energy and its supply chain 

within the country. Government support, composed of coordinated planning and the use of 

strong financial incentives, have created and fostered a situation which has created favorable 

conditions for the wind industry. This has led to a massive increase in the offer of wind energy in 

the country, growing from 20.4MW in 2005 (BNEF 2018) at the time of the first initiative 

through the PROINFA program to reach 13.24 GW in wind energy across the country by the 

June 2018 estimates (ABEEólica 2018). This is coupled with over USD 35.4 billion in 

investments being funneled into the sector so far in Brazil (Section 4). In addition, the local 

industry for manufacturing this equipment has exploded since 2014 with approximately twice the 

amount of businesses participating in the manufacturing in main or subcomponent parts by 2017. 

The dependence on imports has also fallen despite the increasing demand for wind turbines, 

demonstrating the improvement of the local economy to meet the needs of the demand of the 

wind industry (Chapter 6). 

In terms of price, Brazil has also seen a strong success for energy consumed, with prices falling 

86.7% from 704.9 R$/MWH in the PROINFA program to an average of 94 R$/MWh in the 2017 

and 2018 auctions when adjusted in 2018 R$. This is also seen in the cost per MW installed, as 

prices fell from over USD 2.62 million per MW installed to USD 1.41 million per MW from the 

2009 auctions to the A-6 auctions in August of 2018. This represents a 46% decrease in price in 

which Brazil’s costs fell from well-above global averages to approximately the same. 

However, despite the strong growth of wind energy and the national industry in Brazil, the 

results have fallen short when compared to the government’s 2024 and 2026 EPE Expansion 

plans. Although Brazil is on track to reach the 2019 EPE Expansion plan goals of 13.5GW of 

installed wind capacity with a current offering of 13.24 GW (Abeeólica 2018), when looking at 

contracted power through ANEEL auctions, it is only expected to reach 19.5GW in 2024 

assuming that all projects are completed. Even adjusted for estimates including non-auctioned 
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wind power, this number will only reach 20.73GW, or 86.4% of the EPE 2024 expansion plan’s 

24.0GW goal in the idea scenario for the SIN network. Moreover, due to the fact that the current 

auction system holds auctions with four and six year implementation times and that the A-4 

auctions have averaged approximately 1/5th of the size of the A-6 auctions (538MW and 

2515MW respectively) in the past two years (ANEEL 2018a), it is unlikely that auctions will be 

able to address this deficit. The state of meeting the 2026 EPE Energy Expansion Plan’s goal of 

28.6GW is also uncertain as it expands on the goal of the 2024 plan, which is unlikely to be met, 

although there remains time to address this problem.  

7.2 Going Forward 

 

A variety of new factors in Brazil will complicate the ability to predict what will happen in the 

next few years in regards to wind development. Negative effects on energy demand and forced 

fiscal constraints resulting from the economic recession of 2015 and 2016, as well as 

unsustainable policies, have already begun to change many of the policy mechanisms and 

support tools oriented towards the development of wind energy in the country. Furthermore, a 

turbulent political situation and the election of President Jair Messias Bolsonaro and his new 

cabinet will likely have strong effects on the direction the country will take in this regard. 

Finally, competition from other sources of energy and the potential for a reduction in the amount 

of protectionist policies will leave the supply chain exposed to global competition and will likely 

put pressure on the supporting industry. 

One of the main challenges facing the wind industry is related to the fiscal problems stemming 

from the recent recession. A lack of public funds will force constraints on Brazil’s ability to 

launch meaningful projects, meaning that private investments will likely have to make up a 

larger portion of the future project portfolio if Brazil wishes to continue investments at historic 

rates. This lack of funding will primarily have an effect on the subsidization of wind energy and 

the type of financing projects can receive. As BNDES financing moves towards market rates 

over the next five years (Section 4), the costs of manufacturing and financing wind farms will 

increase (at least in the regulated market for  the case of wind farms). This will have the effect of 

lowering the returns on wind projects due to the higher costs associated with financing, and thus 

will have the effect of decreasing the attractiveness of wind projects (although this effect will be 
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spread to other projects that also use this type of funding, indicating lower overall investment 

rather than solely in the wind industry). In extreme cases, it is possible that this will render some 

projects unfeasible that would have been possible under the subsidized financing rules.  

Another threat that will come from the elimination of subsidized rates is the reduced 

incentivization for locally produced goods, thus opening up the market for potential foreign 

competition. This effect will be seen both for manufacturers and for wind farm developers. On 

the side of the manufacturers, without cheaper financing rates, there will be little incentive to 

create production facilities within the country which do not already exist, as well as little reason 

to convince foreign supporting manufacturers to build factories within the country. On the side 

of wind farm developers, they will choose to use the turbines that will generate the overall 

highest returns. Without subsidization, the return from using locally produced equipment will be 

reduced and thus if they are able to source turbines from other countries for lower costs or if 

there are different technologies that are developed outside Brazil, they will likely choose non-

locally produced equipment. However, it is worth noting that with the cost of wind equipment 

produced in Brazil falling to global averages over the past decade (Section 6.4), this threat has 

been somewhat mitigated.  

Nonetheless, with the election of Jair Messia Bolsonaro, the political environment and the 

support mechanisms for wind and national industry are likely to change.  It is expected that the 

incoming Finance Minister, Paulo Guedes, will attempt reforms to open up Brazil’s trade 

markets and reduce protective barriers for industries. In addition, Guedes is against state 

intervention in the banking and business sectors, and has an agenda of total privatization (BNP 

Paribas 2018). Although these reforms would likely have positive effects on the economy of 

Brazil overall, they would likely further endanger the viability of a local supply chain instead of 

a global one. This is due to the fact that as the barriers to trade become reduced, combined with 

the elimination of the subsidized lending rates from the BNDES, local price advantages and 

advantages of local production will be heavily reduced or eliminated.  On the other hand, though, 

the drive for energy security and diversification away from hydroelectric energy under the new 

administration is expected to continue. Bolsonaro’s pick for energy minister, Bento Costa Lima 

Leite de Albuquerque Junior, has stated that he believes the energy mix needs to continue to be 

diversified and that it is unlikely that there will be new large-scale hydroelectric energy projects 
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in the upcoming administration (Ruddy 2018b). Thus, it is likely that some support for wind 

energy will continue from the standpoint of ensuring energy security, although it is less likely to 

be supported by subsidization programs from the incoming government. 

Finally, with Brazil recovering more slowly than expected in 2017 and the forecasts uncertain for 

2018, the economic climate and suitability for investment in the near future remains 

unpredictable. This has already seen repercussions such as the exit of several newly established 

firms that came as a result of the 2015-2016 recession and the lack of new energy auctions 

(Polito & Maia 2018). Since this time, the major turbine manufacturers have been making 

negative-return investments in order to keep the supply chain from failing and possibly breaking 

altogether (Section 6.5). This fear of lacking sufficient demand in order to maintain a sustainable 

supply chain is further compounded by threats from other sources of energy, principally solar 

and the increased interest in distributed generation, which could reduce the level of interest and 

investment in wind industry. Although solar technology is only recently becoming competitive 

with wind on a global scale, it likely will force wind to have to adapt and innovate in the future 

in order to maintain sufficient demand in the future in Brazil.  

However, with the resumption of auctions in 2017 and 2018, it appears some of these fears have 

subsided as demand levels for wind equipment in 2018 returned to their pre-crisis levels. 

Additionally, the free-market for wind energy is expected to help drive the resurgence of the 

industry in the years to come, with estimates of up to 60% of the demand for wind stemming 

from the free-market instead of the regulated market (Polito & Maia 2018). In addition, the 

possibility of off-shore generation is becoming more feasible with the partial passage of a bill in 

December 2018 which approves the use of concessions for off-shore renewable energy (Ruddy 

2018a). This could provide another source of demand for the Brazilian wind industry should off-

shore wind energy in Brazil start to gain interest. 

7.3 Final Word 

 

Overall, these situations and scenarios paint a picture of Brazil in a precarious position for the 

continued growth of wind energy at its historic rates and goals. In the past decade, Brazil was 

able to massively increase its wind offering and also develop a local industry in order to support 

its goals. It was able to achieve this through the effective use of policies and financial incentives, 



71 

 

 

as well as favorable conditions, in order to drive growth and demand in the wind industry. 

However, looking forward, there will be major challenges to keeping the same rate of 

development as political, economic, and technological changes are affecting policies and demand 

in the present and future. Although there will almost positively still be strong demand in the 

future to continue developing wind energy in Brazil, innovation and adaptation will likely be key 

in order for wind energy and its accompanying local supply chain to overcome the wide variety 

of challenges facing the industry today and maintain its historic rate of growth. 
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