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ARTICLE INFO ABSTRACT

Across the world, several developing countries with recent wind energy (WE) diffusion have been demonstrating
an interest in expanding WE generation quickly and expressively. In Brazil, this fast and remarkable WE diffusion
process started in the past decade, facing a variety of barriers. This research proposes to reliably identify and
analyse current barriers to the implementation of onshore wind farms in the country, aiming at informing other
developing countries with the intention to expand WE utilization about potential barriers, as well as assisting the
Brazilian WE sector in its efforts to keep growing sustainably. To achieve this research goal, 41 key stakeholders
from the Brazilian WE sector were interviewed. Based on a content analysis of the interviews, twenty-four
barriers where identified, three of which with particular relevance: poor transmission infrastructure, un-
attractive financial loans and unstable macroeconomic environment. The data collected suggests a serious risk
that Brazil's WE sector stops growing if the recovery of its national economy, the reestablishment of regular
energy auctions, the access to competitive credit, and improvements to the transmission system infrastructure
keep being held back. In the face of this scenario, this study concludes by providing policy recommendations
concerning the sustainability of the Brazilian WE sector.
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1. Introduction

Among various renewable energy sources (RES), wind energy (WE)
is increasingly becoming established as a key option to replace con-
ventional energy generation, and consequently as a key contributor to
mitigating global climate change in the future (Saidur et al., 2010).
Moreover, the expansion of WE around the world has been regarded as
important to meet a rising energy demand and ensuring security of
supply (Changliang and Zhanfeng, 2009).

In parallel with its increasing utilization, WE has been facing several
barriers to its diffusion worldwide, more intensively in developing
economies with a recent history of large-scale onshore wind farm im-
plementation. In these economies, especially those with a continuous
growth in WE installed capacity, field research to identify such barriers
has been scarce. Studies with this focus, in particular based on inter-
actions with stakeholders, are deemed necessary to offer a concrete
perception about the obstacles that are hindering WE implementation
(Painuly, 2001). Academics, policy makers, and practitioners can take
advantage from this information as they seek to contribute to mitigate
or overcome these barriers through research, policy making and wind
farm project strategy design.

As part of the global WE diffusion, the installed WE capacity in
Brazil grew over the past decade from 341 MW (GWEC, 2009) to
12,770 MW (ABEEGlica, 2018; GWEC, 2018). This growth of more than
37 times placed the country in the top 10 nations with higher WE ca-
pacity installed, qualifying its WE diffusion process as fast and ex-
pressive. In addition, onshore wind farms implemented in the Northeast
region, where 84% of the total Brazilian WE is generated (ABEEGlica,
2018), have presented low levelized costs of electricity and high ca-
pacity factors (de Jong et al., 2016). Featuring an impressive and high-
quality growth, the spread of WE in Brazil represents an example to be
followed, especially by developing countries with the intention to start
or to keep developing onshore wind farms in large-scale.

In spite of its success, the Brazilian case has been replete with
barriers that over the years have hindered the development of wind
farms across the country. Until the end of 2017, very few studies, while
analysing the evolution of Brazilian WE, had mentioned these barriers
(Aquila et al., 2017; Barroso et al., 2010; Brannstrom et al., 2017; Da
Silva et al., 2005; De Melo et al., 2016; do Valle Costa et al., 2008;
Geller et al., 2004; Kissel and Krauter, 2006; Martins and Pereira, 2011;
Nogueira De Oliveira et al., 2016; Pereira et al., 2012; NFd et al., 2013;
Tang and Taylor, 2014). In addition, the only study including field
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research with stakeholder interviews, allowing a reliable and full
identification of the barriers and an understanding of how they impact
wind farm development at a national level, was published in 2011 and
is outdated (Martins and Pereira, 2011).

Seeking to address this gap in the literature, this study focuses on
the following research question: “Which barriers to onshore wind farm
implementation are present in cases of fast and expressive WE expan-
sion?”.

An overall identification of the barriers to onshore wind farm de-
velopment in Brazil was performed through interviews with several
national WE stakeholders. The content of these interviews was analysed
using the framework proposed by Painuly (2001) for barriers to the
penetration of RES, to identify barriers with a national or a state scope
of impact, barriers that emerged earlier or more recently, barriers with
particular relevance, and barriers specific to the WE sector or related to
Brazil's overall economic context, as well as assess the level of per-
ception of each barrier for each category of stakeholders. Moreover,
looking also at barriers that were not identified, this study highlights
the main factors that have driven the fast and expressive WE expansion
observed in the country. In addition to aiming at contributing directly
to the efforts to overcome these barriers in the country, through their
identification and characterization, this research also aims at pointing
out the barriers to onshore wind farm implementation that will prob-
ably emerge in the context of developing economies with recent his-
tories of WE diffusion and the intention to increase its utilization
quickly and expressively.

Starting with this introduction, this paper additionally includes five
sections. Section 2 presents the selected case study, highlighting its
differentiated position in the global context of wind generation. The
third section describes the methodology used, detailing how the inter-
views were performed and how the collected data were analysed. The
results of the study are then presented, according to the barrier cate-
gories suggested by Painuly (Painuly, 2001). A discussion of the iden-
tified barriers follows the results, framing them in the literature. The
paper concludes by stressing the barriers with stronger impact in the
country and providing a set of policy recommendations concerning the
sustainability of the Brazilian WE sector.

2. Large-scale wind energy expansion: a case study of Brazil

After a national energy crisis in the early 2000s, the Brazilian
government recognized the urgency in promoting alternative sources to
reduce its high dependence on hydropower (Luiz da Silva E, 2006; Rosa
and Lomardo, 2004). Among the options to expand the energy matrix
and re-establish security of supply (Kileber and Parente, 2015), WE
emerged as a reliable option in Brazil, especially in the Northeast re-
gion, due to its excellent wind conditions (JBSOD et al., 2015; de Jong
et al., 2013; Dester et al., 2012; Leitdao, 2013; Pereira et al., 2012).
Supported by a public auctioning system, the WE capacity installed in
the country grew 37 times in the past decade, reaching 12,770 MW at
the end of 2017 (see Fig. 1). Currently, Brazil occupies the eighth po-
sition among the top 10 nations with higher installed WE capacity
(GWEC, 2018).

Using the currently installed WE capacity, the country generated
40.46 TWh of electricity, with 33.99 TWh coming from onshore wind
farms located in the Northeast region, especially those operating in the
states of Rio Grande do Norte (13.24 TWh), Bahia (7.79 TWh) and
Ceard (5.10 TWh) (ABEEolica, 2018). This installed capacity represents
still a small portion (7.8%) of Brazil's total installed electricity
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generation capacity, which is dominated by non-renewable (17.2%)
and hydropower (63.8%) sources (EPE, 2018).

As part of this fast and expressive national growth, wind farms lo-
cated in the Northeast region have been continuously reporting an
outstanding average capacity factor above 40% (ABEEGlica, 2017,
2018; de Jong et al., 2016), much higher than country average across
the world (IEA, 2015). Consequently, even facing barriers with an im-
pact on development costs, the levelized cost of WE in the region has
reached 0.035 USD/kWh (de Jong et al., 2016), a value much lower
than those observed in others parts of the world (IRENA, 2015).

In fact, the future of WE seems promising in the region, both for
expanding electricity generation and for replacing other main genera-
tion sources, since wind farms have been trading electricity with
competitive tariffs in comparison with thermoelectric plants and lately
also with hydropower plants (ANEEL, 2018b), and have their genera-
tion reliably foreseen and quantified (due to the existence of strong and
stable trade winds - suitable for a wide integration in the grid). In the
current scenario of high hydroelectric availability losses (due the fre-
quent occurrence of droughts), a supply alternative is urgently required
(de Jong et al., 2017).

Regarding the barriers to onshore wind farm implementation in
Brazil, very few studies have attempted to identify them. After con-
ducting an extensive search in Scopus and Web of Science databases,
only thirteen studies on the subject were found (see Table 1).

Even though 21 barriers are mentioned across these studies, except
for Martins and Pereira (Martins and Pereira, 2011), no other studies
collected information through interactions with multiple stakeholders
to reliably identify the existence of these obstacles (Painuly, 2001). In
general, they focused on discussing existing incentive policies and the
ongoing expansion of the national wind sector, and did not seek to
address directly the barriers to onshore wind farm implementation
(Eleftheriadis and Anagnostopoulou, 2015; Kucukali, 2016; Reddy and
Painuly, 2004; Richards et al., 2012; Weis et al., 2008; Zhao et al.,
2016).

3. Methodology

This study uses case research as methodological design. Case re-
search was selected among other alternatives (quantitative methods
and other qualitative methods, such as grounded theory) due to the fact
that it allows rich, in depth empirical descriptions, based on a variety of
data sources, providing a suitable way for examining and clarifying the
type of complex relations that are faced in this research (Yin, 2009) -
implementation processes involving a large number of critical actors
and factors (Linton, 2002). Moreover, the lack of detailed and updated
prior research about onshore wind farm implementation in developing
countries (such as Brazil) leads to the need for exploration of the phe-
nomenon (Mills et al., 2010), which corroborated this choice. Fur-
thermore, compared to other qualitative methods, case research is a
suitable method when there is an intention to combine an existing
theoretical framework (such as the one proposed by Painuly (Painuly,
2001)) as a basis for the analysis of results with an in-depth exploration
of the phenomenon (the implementation of onshore wind farms) (Yin,
2009).

3.1. Stakeholder interviews

To identify the barriers to onshore wind farm implementation in
Brazil, information was collected through interviews with several
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Table 1
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Barriers to onshore wind energy implementation in Brazil found in the literature, according to the categories proposed by Painuly (2001).

Barriers

Studies

MARKET FAILURES (MF)
Lack of information and awareness

Poor market infrastructure

MARKET DISTORTIONS (MD)

Favourable treatment to conventional
energy

Non-consideration of externalities

ECONOMIC AND FINANCIAL (EF)
High cost of capital
Lack or inadequate access to capital

High up-front capital costs
INSTITUTIONAL (I)

Lack of institutions and mechanisms
Lack of a legal/regulatory framework

Problems in realising financial incentives
Unstable macroeconomic environment
Lack of R&D culture

TECHNICAL (T)
Lack of standards, codes and certifications

Lack of skilled personnel
System constraints

SOCIAL (S)

Lack of consumer acceptance
Lack of social acceptance
OTHER BARRIERS (OB)
Uncertain governmental policies

Lack of infrastructure

Lack of recent, detailed and accurate wind data

Underdeveloped home wind industry

Subsidies to conventional energy generation

Exclusion of externalities in the calculation of energy costs

High interest rates on loans for wind farm development
Difficult access to capital for wind farm implementation

High initial costs for wind farm implementation

Entities with lack of specialized capability

Time-consuming procedures to get construction and connection
approvals

Collect the certified emission reduction (CER), a type of emissions unit,
from the clean development mechanism (CDM)

High inflation rate

Unstable currency

Insufficient efforts to develop wind R&D

Lack of appropriate standards for the promotion of innovation in the WE
industry

Shortage of WE specialized personnel

Weak grid infrastructure

Consumers with insufficient information about WE benefits
Local community opposition to wind farms

Support schemes with inadequate designs

Insufficient transmission infrastructure

(Martins and Pereira, 2011; Nogueira De Oliveira et al.,
2016; Pereira et al., 2012)

(Aquila et al., 2017; Da Silva et al., 2005; do Valle Costa
et al., 2008; Geller et al., 2004)

(Martins and Pereira, 2011)

(de Jong et al., 2015; NFd et al., 2013; Tolmasquim
et al., 2001)

(Kissel and Krauter, 2006)

(Aquila et al., 2017; Barroso et al., 2010; De Melo et al.,
2016)

(Martins and Pereira, 2011; Pereira et al., 2012)

(De Melo et al., 2016)
(Barroso et al., 2010; do Valle Costa et al., 2008)

(Tang and Taylor, 2014)

(Kissel and Krauter, 2006)

(Aquila et al., 2017)

(Martins and Pereira, 2011; Nogueira De Oliveira et al.,
2016; NFd et al., 2013)

(Nogueira De Oliveira et al., 2016)

(Martins and Pereira, 2011)
(Da Silva et al., 2005; Martins and Pereira, 2011)

(NFd et al., 2013)
(Brannstrom et al., 2017; NFd et al., 2013)

(Barroso et al., 2010; do Valle Costa et al., 2008; Martins
and Pereira, 2011)
(Aquila et al., 2017; Kissel and Krauter, 2006; Martins

Limited road access to windy sites

and Pereira, 2011)
(NFd et al., 2013)

stakeholders from the Brazilian WE sector. The interviews were com-
plemented with a literature review and site visits, as recommended by
Painuly (Painuly, 2001) to reliably identify and analyse the barriers to
the penetration of RES.

The focus on stakeholders is justified by their crucial role in the
implementation process (Painuly, 2001), as well as the wide adoption
of a stakeholder perspective in other studies with similar objectives (da
Silva et al., 2013; Martinot, 2001; Richards et al., 2012; Valentine,
2010; Zhao et al., 2016). The interviewed stakeholders included wind
developers, engineers & consultants, manufacturers, support agents,
public administrators, and researchers (see Table 2).

The stakeholders were identified in the report published by the
Agéncia Brasileira de Desenvolvimento Industrial (ABDI) from the
Brazilian Ministry of Industry, Foreign Trade and Services, which maps
the entire supply chain of the Brazilian wind industry, listing the key
players (ABDI, 2014). In addition, during the 7th edition of Brazil Wind
Power - Conference & Exhibition (Aug-Sep ‘16), the main authorities

Table 2
Stakeholder category descriptions.

and the most important executives of the sector were also identified.
Through telephone calls, e-mails and direct contacts, 128 stakeholders
were invited and 41 (32%) accepted to contribute to the study.

The semi-structured interviews were based on the categorization of
barriers to RES penetration suggested by Painuly (2001) (see Table 3).
Participants were asked openly about the existence of these barriers,
according to their categories, and how they interfere in wind farm
development nationally, as well as in the three main WE generation
states in the Northeast of Brazil. Additionally, at the end of the inter-
views, participants were asked to confirm the mentioned barriers and
explain which were of higher relevance to the development of onshore
wind farms in Brazil. The interviews were supported by a protocol that
guided the interviewer in conducting the open questionnaire, as well as
in identifying the stakeholder profiles.

Stakeholder category Description

Developers (D)

Engineers & consultants (EC)
Manufacturers (Mf)

Support agents (Sa)

Public administrators (Pa)
Researchers (R)

Heads of wind farm project development teams in energy companies.

Heads of engineering or consulting teams in energy companies specialised in wind farm construction and operation.
Business directors of the main manufacturing companies linked to the local WE supply chain.

Managers of financial, regulatory and think thank institutions that support the development of wind farms.

State or municipal public administrators who support the development of wind farms.

Senior researchers with experience on WE R&D.
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Table 3
Barriers to renewable energy implementation (Painuly, 2001).
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Barrier category Barriers

Market Failures (MF)

(1) Highly controlled energy sector; (2) lack of awareness and information; (3) restricted access to technology; (4) lack of competition; (5) high

transaction costs; (6) poor market infrastructure; (7) high investment requirements.

Market Distortions (MD)
Economic and Financial (EF)

(8) Favourable treatment to conventional energy; (9) taxes on RES; (10) non-consideration of externalities; (11) trade barriers.
(12) Economically not viable; (13) high discount rates; (14) high payback period; (15) market size small; (16) high cost of capital; (17) lack/

inadequate access to capital; (18) lack of access to credit to consumers; (19) high up-front capital costs for investors; (20) lack of financial

institutions and instruments.
Institutional (I)

(21) Lack of institutions and mechanisms; (22) lack of a legal/regulatory framework; (23) problems in realising financial incentives; (24) unstable

macro-economic environment; (25) lack of involvement of stakeholders in decision making; (26) clash of interests; (27) lack of R&D culture; (28)
lack of private sector participation; (29) lack of professional institutions.

Technical (T)

(30) Lack of standards, codes and certification; (31) lack of skilled personnel; (32) lack of operation and maintenance (O&M) facilities; (33) lack of

entrepreneurs; (34) system constraints; (35) product unreliable.

Social (S)
Other Barriers (OB)

(36) Lack of consumer acceptance of the product; (37) lack of social acceptance for some RES.
(38) Uncertain governmental policies; (39) environmental; (40) high risk perception for RES; (41) lack of infrastructure.

3.2. Data collection and analysis

Between August and December 2016, 41 interviews were performed
with relevant stakeholders from the Brazilian WE sector. From these
interviews, 28 were carried out personally (in Brazil) and 13 through
videoconference (from Portugal).

The interviews were based on a protocol organized after a detailed
study of barriers to renewable energy implementation (Painuly, 2001),
which ensured reliability (Yin, 2009). An informed consent was signed
by both parties, namely to ensure the confidentiality of the information
provided by the interviewees. The interviews were recorded and tran-
scribed using appropriate analysis software (Express Scribe). Tran-
scriptions were performed as soon after the end of the interview as
possible, which allowed the constant comparison of responses
(Eisenhardt and Graebner, 2007), as well as a first analysis of the col-
lected data and the improvement of the subsequent interviews (Barratt
et al., 2011; Strauss and Corbin, 2015).

The interviews lasted from 10min to 1h and 36 min, with an
average of 40 min and a total of approximately 27 h and 41 min, re-
sulting in 345 pages of text transcribed verbatim (Yin, 2009). The
sample was large enough to reach theoretical saturation (Eisenhardt,
1989; Strauss and Corbin, 2015).

In addition to their overall knowledge about the sector, the inter-
viewees also had a specific range of WE development experience in the
top three WE generation states in the Northeast (see Table 4), some of
them with experience in more than one state.

The qualitative data collected in the 41 interviews were analysed
using a qualitative content analysis method (Schreier, 2012), with ca-
tegory construction and coding frame (Krippendorff, 2012; Neuendorf,
2016) considering all the categories of barriers proposed by Painuly
(see Table 3) in four regions, the country and each of the three states.
The consideration of the four regions is justified by the fact that some
barriers are linked to national energy policies and regulations that

Table 4
Interviewed stakeholders per category and range of experience.

Stakeholder category Range of experience (Re)

(Sc)
Brazil Rio Grande do  Bahia (BA) Ceard (CE)
(BRA) Norte (RN)
Developers (D) 13 8 8 6
Engineers & Consultants 11 6 3 8
(EQ)
Manufacturers (Mf) 2 1 1 2
Support agents (Sa) 8 7 6 7
Public administrators 2 1 1 1
(Pa)
Researchers (R) 5 5 1 1
Total 41 28 20 25

govern overall WE diffusion in the country, while others are linked to
state institutions.

The data were explored iteratively, going back and forth between
the qualitative data and theoretical arguments (Strauss and Corbin,
2015). Considering the four regions, the analysis was divided in two
stages: (1) within unit analysis, selecting and organizing the relevant
data and searching for within unit patterns, and (2) cross-unit analysis,
searching for cross-unit patterns (Barratt et al., 2011; Eisenhardt,
1989). The descriptive and simultaneous coding was performed using
appropriate analysis software (Qiqqa).

4. Results

24 currently existing barriers to onshore wind farm implementation
in Brazil were identified in the interviews. The interviewees classified
13 of these as having a national scope of impact, i.e., as hindering wind
farm development nationally, and 11 as having a state scope of impact,
i.e., with their occurrence depending on state-level WE diffusion
structures. Moreover, the respondents indicated that 18 barriers existed
since the early stages of development of the local WE sector, while six
others had emerged only recently, and pointed out that 12 of the bar-
riers are general, i.e., related to Brazil's overall economic context, and
the remaining 12 are specific to the sector (see Table 5).

The interviews also revealed patterns of perception for the identi-
fied barriers according to stakeholder category (see Table 6).

At the end of the interviews the participants indicated which bar-
riers had particular relevance in the development of onshore wind
farms (see Fig. 2).

4.1. MARKET

The interviewees indicated an underdeveloped home wind industry,
restricted access to wind turbine technology, and lack of information
about wind potential as the market obstacles to developing wind farms
in Brazil.

An underdeveloped home wind industry was the most frequently
mentioned market barrier, with 39% of the respondents arguing that
the wind supply chain remains relying on imported core materials and
components, especially those required for the assembly and further
maintenance of wind turbines. Concerns about the impact of an un-
derdeveloped national wind industry on wind farm project develop-
ment and operating maintenance, namely on addressing the potential
need to quickly replace malfunctioning components to avoid losses,
were expressed by a director from an engineering consulting company
in the following way:

“(...) well, it is not like in Europe and North America where you call
the supplier, a broken bearing is quickly replaced, and a project is
not hurt by generation outages. In Brazil, downtimes are a serious
matter.”
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Tablee 5
Percentage of responses according to stakeholder range of experience.
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Barriers (B)

Scope of Impact

Stakeholders RE

BRA (41) RN (28) BA (20) CE (25)

MARKET (M)

(M.1) Underdeveloped home wind industry (specific) National 39% 32% 45% 36%

(M.2) Restricted access to wind turbine technology (specific) National 27% 29% 35% 24%

(M.3) Lack of information about wind potential (specific) State 12% 11% 0% 8%
ECONOMIC AND FINANCIAL (EF)

(EF.4) Inadequate access to capital (general) National 83% 79% 95% 88%

(EF.5) High cost of capital (recent and general) National 29% 25% 40% 24%

(EF.6) Insufficient financial institutions (general) National 24% 21% 30% 16%
INSTITUTIONAL (I)

(1.7) Unstable macroeconomic environment (recent and general) National 78% 56% 41% 46%

Inadequate regulations

(1.8) Environmental license (general) State 66% 64% 70% 64%

(1.9) Land regularization (general) State 56% 46% 50% 56%

(1.10) Archaeological license (general) National 51% 46% 70% 52%

(1.11) Lack of R&D culture (general) National 32% 43% 25% 20%

Lack of governmental institutions and mechanisms

(1.12) Lack of state public institutions capacity (general) State 27% 25% 30% 20%

(1.13) Lack of governmental cooperation (general) National 20% 18% 5% 16%

(1.14) Inadequate state secretary of energy (specific) State 10% 14% 0% 8%
TECHNICAL (T)

(T.15) Grid system capacity limitation (recent and specific) State 100%

(T.16) Lack of skilled personnel (specific) National 56% 46% 65% 52%

(T.17) Insufficient O&M services (specific) National 51% 46% 45% 48%

(T.18) Insufficient quality of wind turbines and blades (specific) National 12% 18% 5% 4%
SOCIAL (S)

(S.19) Local community opposition (specific) State 59% 57% 35% 56%
OTHER BARRIERS (OB)

Poor infrastructure

(OB.20) Transmission (recent and specific) State 100%

(OB.21) Roads (general) State 68% 75% 75% 56%

(OB.22) Communication (general) State 17% 18% 20% 7%

Uncertain governmental policies

(OB.23) Auction occurrence uncertainty (recent and specific) National 63% 57% 60% 60%

Environmental

(OB.24) Competition for land (recent and specific) State 29% 29% 25% 20%

Restricted access to wind turbine technology was the second most
cited market barrier. In 27% of the interviews, turbine manufacturers
established in Brazil were reported as resisting the transfer of tech-
nology to support the construction and the operation and maintenance
(O&M) of wind farms. This resistance makes wind developers depen-
dent on turbine manufacturers because both the construction of heavily
customized foundations and towers and O&M services require access to
core technological information from the manufacturers. Highlighting
this dependence, a director of a wind farm construction engineering
company mentioned:

“In spite of the wind developer having the capital, from the moment
the contract is signed, the developer becomes dependent on the
turbine manufacturer — the manufacturer feels as project owner — if
the developer is not able to bring the manufacturer to its side,
project development is a losing battle.”

The lack of information about wind potential was the least reported
existing market barrier. The interviewees identified it as an obstacle in
the states of Rio Grande do Norte (11%) and Ceara (8%), where the
wind resource maps developed by the states’ electric utilities are out-
dated, hindering the prospection of new windy sites.

The three market barriers were pointed out by almost all stake-
holder categories, except for lack of information, in the case of support
agents, and restricted access to wind turbine technology, for public
administrators. It is worth noting the significant proportions of re-
searchers and developers that mentioned the existence of an under-
developed home wind industry.

257

4.2. Economic and financial

The participants reported an inadequate access to capital, high cost
of capital and insufficient financial institutions as the economic and
financial obstacles to wind farm implementation in Brazil.

Inadequate access to capital was the most discussed economic and
financial barrier. Among the interviewees, 83% mentioned that Banco
Nacional de Desenvolvimento Econémico e Social (BNDES), the main in-
stitution responsible for providing public funding to support wind farm
construction, has been too strict in the approval of loans, and that the
loans are frequently paid late. A director of a local company that pro-
vides engineering services to wind farm developers described the pro-
blem in the following terms:

“(...) oftentimes the money from the BNDES loans is only received in
the final stage of the construction of the wind farms — equity par-
ticipation moves past 20, 30, 40, 50%, and ends up at 100% — some
investors are getting very distrustful and are refraining from in-
vesting because of these delays.”

High cost of capital was the second most reported economic and
financial barrier, with 29% of the interviewees mentioning how ex-
pensive it currently is to raise funding for wind farm development in
Brazil, even from public development banks such as BNDES. The in-
terviewees stated that attractive loan interest rates have not been
available since 2015, with a direct impact on the increase in wind farm
development costs, and that BNDES decreased the equity participation
from 70% to 80% to not more than 50%. This means that the public
funding did not exceed half of the construction costs. A head of re-
newable projects development in a foreign energy consulting company
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Table 6
Barrier perception according to stakeholder category.

Stakeholder
Category

Barriers D(13) EC(11) M(2) Sa(8 Pa(2) R(5)

MARKET (M)

(M.1) Underdeveloped
home wind industry

(M.2) Restricted access to
wind turbine technology

(M.3) Lack of information
about the wind potential

ECONOMIC AND
FINANCIAL (EF)

(EF.4) Inadequate access
to capital

(EF.5) High cost of capital

(EF.6) Insufficient
financial institutions

INSTITUTIONAL (I)

(1.7) Unstable
macroeconomic
environment

Inadequate regulations

(1.8) Environmental
license

(1.9) Land regularization

(1.10) Archaeological
license

(I.11) Lack of R&D culture

Lack of governmental
institutions and
mechanisms
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commented, regarding this barrier:

“Lately, it has been increasingly difficult and selective to become a
wind developer in Brazil, mainly due to the high levels of equity
required.”

Among the cited economic and financial barriers, insufficient fi-
nancial institutions was the least frequent (24%), with BNDES alone not
being considered sufficient to fund wind farm developments throughout
the country.

Except for the omission of high cost of capital and insufficient
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financial institutions by manufacturers and public administrators, the
three economical and financial barriers were mentioned by all stake-
holder categories. In this category, it stands out that the inexistence of
adequate access to capital was consensual among support agents and
reported by the vast majority of developers and engineers & con-
sultants.

4.3. Institutional

The respondents reported the unstable macroeconomic environ-
ment, inadequate regulations and lack of research and development (R
&D) culture, as the institutional obstacles to wind farm implementation
in Brazil.

The unstable macroeconomic environment currently experienced in
Brazil was the most frequently mentioned institutional barrier. The
ongoing economic crisis was regarded by 78% of the respondents as
having affected WE implementation, along four aspects: demand for
new wind farms, funding availability, unstable wind turbine prices, and
lagging infrastructure reinforcements.

First, they observed that the economic crisis resulted in a reduction
of industrial and commercial activity in the country, which conse-
quently reduced the demand for electricity and the need to develop
more wind farms. They also mentioned that the industrial and com-
mercial slowdown limited the main sources of fiscal revenue, which led
to a reduction in the capacity of public development banks to provide
loans, forcing them to restrict the equity participation and increase the
interest rates. They stressed as well that the uncertainty regarding the
economic recovery has caused frequent fluctuations in the value of the
Brazilian Real relative to the U.S. Dollar, affecting the prices of the
contracts established with turbine manufacturers. Finally, they reported
that public investment to reinforce infrastructure, especially the
transmission grid investments urgently needed to accommodate more
WE, had also been decreased due to the reduction in fiscal revenue,
which consequently decreased the availability of public resources for
investments of this magnitude.

The interviewees associated this critical economic scenario with the
unstable political environment currently experienced by the country. A
head of project development on a foreign energy company described
the current economic and political context in the following terms:

“I am not optimistic in the short term. The Brazilian political in-
stability has been constraining economic development, and affecting
the organization of WE auctions.”

The inadequate regulations for obtaining approvals - land, en-
vironmental, and archaeological — to develop wind farms were the
second most cited institutional barrier.

Regarding land regularization, in addition to mentioning that the
states need to encourage the land owners to register their properties,
the participants argued that the current legislation needs to be simpli-
fied in all three. A full professor and energy researcher from a public
university stressed this problem:

“Registering a property requires going through national, state, and
municipal procedures, which is time-consuming. For sure, land
regularization is a huge bottleneck in the selection of sites to im-
plement wind farms, especially in the areas away from the coast.”

For environmental licenses, despite multiple improvements carried
out by the states, the respondents noted that further simplification of
the process is still needed in the three states. In the case of archae-
ological licenses, 51% of the interviewees mentioned that due to the
digging required for tower foundations, the current national legislation
classifies wind farms in the highest level of archaeological impact. A
director from an energy association noted:

“The Instituto do Patriménio Histdrico e Artistico Nacional (IPHAN)
needs to recognize wind developers as partners in the discovery and



J.R.F. Didgenes et al.

(OB.20) Transmission

(T.15) Grid system capacity limitation

(EF.4) Inadequate access to capital

(1.7) Unstable macroeconomic environment
(OB.23) Auctions occurrence uncertainty
(EF.5) High cost of capital

(1.9) Land regularization

(1.8) Environmental licence

(OB.21) Roads

(1.13) Lack of governmental cooperation
(EF.6) Insufficient financial institutions
(M.1) Underdeveloped home wind industry
(1.10) Archeological licence

(T.16) Lack of skilled personnel

(T.18) Insufficient quality of wind turbines and blades
(S.19) Local community opposition

(OB.22) Communication

(OB.24) Competition for land

Energy Policy 128 (2019) 253-266

85%

85%

59%

54%

49%

I 9%
I  09%
I 0 7%
I 04%
I 17%

15%
15%
15%

. 7%

5%
2%
2%
2%

Fig. 2. Main barriers to onshore wind farm implementation in Brazil according to stakeholder perception.

protection of archaeological heritage, not as damaging agents. They
need to rethink the current regulations and stop blocking wind farm
construction.”

The lack of R&D culture was the third most reported institutional
barrier, with 32% of the participants observing that it is generally ab-
sent at the country level, but especially in the Northeast region. The
country lacks technological parks specifically designed to promote WE
R&D and support the development of national wind technology. A di-
rector from a public development bank regretted the lack of R&D cul-
ture and the consequent absence of Brazilian wind technology, stating:

“For the future, WE should tend to keep an expressive growth in the
country, but with foreign technology, which is deeply regrettable.
We need to make up for lost time and create our national wind
technology.”

The lack of governmental institutions and mechanisms was the
least-cited existing institutional barrier. First, interviewees mentioned
that the three states face limitations in terms of skilled personnel in
charge of emitting licenses and approvals for wind farm development,
at public institutions. This causes delays in the development processes,
as stressed by a head of project development on an energy company:

“State public institutions lack workers, and licenses take a long time
to be available. The wind developer normally needs one to two years
to collect all the required approvals. Because of these delays, some
projects are shut down due to the impossibility of meeting the en-
ergy auction deadlines.”

Second, 20% of the respondents agreed that federal government
agencies and institutions with the responsibility for regulating and co-
ordinating the Brazilian energy sector have failed to establish me-
chanisms to cooperate with wind developers and inform them in ad-
vance of regulatory changes. A director of a wind farm project
development engineering company acknowledged the problem:

“(...) they changed the regulations and informed us on very short
notice, at the same time that we had ongoing wind farm projects.
They gave us no flexibility to adapt to the new rules.”

Finally, the interviewees mentioned that state energy secretaries
had been failing in promoting WE investments, namely in the states of
Rio Grande do Norte (14%) and Ceara (8%).

Land regularization, for public administrators, archaeological li-
censing, for researchers, and lack of governmental institutions and
mechanisms, in the case of manufacturers and public administrators,
were the only exceptions to the eight institutional barriers being re-
ported by all stakeholder categories. The current unstable

macroeconomic environment and its consequences was consensually
indicated as a barrier by public administrators, and by a vast majority
of developers, support agents, and researchers.

4.4. Technical

As technical barriers, the participants indicated grid system limita-
tions, lack of skilled personnel, insufficient O&M services, and un-
satisfactory quality of wind turbines and blades.

Grid system capacity limitations were the most cited technical
barrier. The participants consensually confirmed the recent existence of
capacity restrictions to the integration of more WE in their grids for the
three states. A director from a regional energy think tank noted:

“Just yesterday I received a notice that the Brazilian transmission
system operator (TSO) is blocking the participation of wind farm
projects from Rio Grande do Norte and Bahia in the next energy
auction due to incapacity from both state grid systems to absorb
more WE.”

The lack of skilled personnel was the second most reported technical
barrier. 56% of the interviewees stated that, except for the civil con-
struction aspect of wind farms, the national WE supply chain faces a
shortage of specialized workers, particularly in the technical areas.

The insufficient availability of O&M services was the third most
mentioned technical barrier, with 51% of the participants highlighting
that the country is lacking O&M services, and that this scenario is
worrisome due to the need to monitor and even repower the already
large number of installed wind turbines. A director of a foreign wind
turbine component manufacturer summarized the problem:

“Today, there is no single company in Brazil offering full O&M
services to wind farms.”

The unsatisfactory quality of wind turbines and blades was the least
mentioned existing technical barrier. According to 12% of the inter-
viewees, foreign wind turbines and blades need to be better adapted to
the conditions of local wind, which is more consistent and powerful in
terms of occurrence and, consequently, speed. A director from a wind
farm maintenance engineering company described the issue:

“The wind turbines commercialized here in Brazil were designed for
European winds with more or less 30% of capacity factor. Here,
especially in the Northeast region, it reaches 50%.”

In addition, the same director pointed out:

“The wind turbine operates more constantly here than in Europe,
and the O&M schedule proposed by the manufacturer needs to be
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different, the periods need to be shorter. However, this is not being
done. The manufacturers need to have a higher regard for the cli-
ents, because you can see wind farms around with broken blades
and turbines.”

The four technical barriers were noted by almost all stakeholder
categories, with the exception of the lack of skilled personnel and in-
sufficient O&M services, in the case of manufacturers, and the in-
sufficient quality of wind turbines and blades, for engineers & con-
sultants, public administrators, and manufacturers. It is worthy of note
that the existence of grid system capacity limitations was consensual
among all categories. In addition, the lack of skilled personnel was also
reported by all the researchers, and most developers and engineers &
consultants.

4.5. Social

Social barriers to the implementation of wind farms were reported
by the interviewees as originating only from local communities living
nearby windy sites, and not from general consumers.

This opposition has occurred in the three states, with the re-
spondents arguing that near the coast opposition came from interna-
tional NGOs, fishermen, and tourism entrepreneurs who claimed that
wind turbines interfered with beach landscapes or with their economic
activities. Regarding the inland areas, the interviewees mentioned that
opposition occurs if the wind developers do not offer any benefits, or do
not attend to the requests from poor local communities. The partici-
pants agree that these communities see wind projects as an opportunity
to finally develop health posts, schools, libraries, public squares, sports
courts, and other non-existent essential pieces of infrastructure. The
interviewees also noted that social opposition sometimes delays wind
farm construction.

This barrier was indicated by all stakeholder categories, without
exception. For all manufacturers and most developers and researchers
interviewed, community opposition is an important threat to onshore
wind farm developments in the country.

4.6. Other barriers

“Other barriers” identified by the interviewees included poor in-
frastructure, uncertainty in the occurrence of auctions, and competition
for land.

Poor infrastructure was the most frequently cited “other barrier”,
especially regarding the availability of transmission lines and roads.
The participants pointed out the poor transmission system across the
Northeast region, especially in the three states, which currently have
very low availability of substations and high voltage lines, in particular
in the parts far from the coast. According to the participants, the
Brazilian government has failed to promote efforts to build more lines,
with the companies contracted to develop this infrastructure either
quitting or completing the projects after the deadlines, leading to the
postponement of the connections of the wind farms. A director from a
WE project development engineering consulting company framed the
problem in the following way:

“We have many transmission constraints, especially regarding the
availability of connections. This means that we currently have wind
farms that are implemented but are unable to dispatch electricity. In
general, when you identify a good site, you will probably not find
any close transmission lines, which will make the project un-
feasible”.

The interviewees also reported that poor road infrastructure was a
constraint in the three states. They mentioned that, with the exception
of a few roads near the coast, in general they were not two-lane, making
it difficult to transport the large wind components to farm sites.
According to a director from a regional energy think tank:
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“The major problem faced in the logistics of wind turbines and
blades, is the fact that the roads in the region usually are not dual-
lane. Usually they are one-lane, requiring a request to the public
department of transportation to block the traffic in order to perform
the transport. This is a bureaucratic and time-consuming process.”

Finally, regarding the poor communication infrastructure, the in-
terviewees mentioned difficulties again across the three states in ac-
cessing the broadband internet connections required to allow real time
communication of all the information related to wind farm operation.
The participants described this connection as crucial, as the Brazilian
TSO depends on real-time information to authorize electricity dispatch,
and the commercial chamber also depends of that information to
compute revenues. A head of project development on an energy com-
pany commented on these consequences:

“Because of the lack of communication, I have already seen a wind
farm have its operation disabled by the TSO.”

The uncertainty in the occurrence of auctions was the second most
cited “other barrier”. Despite the overall recognition of the current
public auction system as the main driver of WE expansion in the
country, offering wind developers long and stable Power Purchase
Agreements (PPAs), 63% of the respondents reported that uncertainty
in their occurrence has influenced negatively the interest of wind de-
velopers in keeping investing. A director from a WE project develop-
ment engineering consulting company described the situation in the
following terms:

“Between 2009 and 2015, the auctions occurred regularly. They
ceased this year (2016) due to the political and economic crisis,
which has reduced electricity demand in the country.”

Another participant, a director from a national energy association,
described the confidence of wind developers in the Brazilian govern-
ment and its auction system in the following way:

“(...) with the constant auction cancellations, the credibility of the
government with wind developers has decreased significantly. It is a
really dramatic situation.”

The interviewees mentioned that auction uncertainty was made
worse by inadequate electricity expansion planning, which only con-
siders short-term and not long-term electricity demand evolution.
Moreover, they stressed that this barrier affects the national wind in-
dustry, which depends on the existence of a steady stream of PPAs to
keep supplying its products and services. The same director from a
national energy association added:

“We have information from some turbine manufacturers that they
will face a production capacity idleness above 60% in 2018. If this is
not quickly reversed, it will be hard for these manufacturers to
maintain production in the country.”

Competition for land was the least-cited existing “other barrier”.
The interviewees reported that currently the three states have their best
wind areas already taken by wind farms or featuring high values due to
tourism activities, especially along the coast. A director from a national
energy system operator described the situation, stating that:

“(...) along the coast it is very hard to find good sites at competitive
prices because the owners are overvaluing their properties.”

Except for poor communication infrastructure, for engineers &
consultants, manufacturers and public administrators, and land com-
petition, in the case of public administrators, all “other barriers” were
mentioned by all stakeholder categories. Due to the grid system capa-
city limitations, poor transmission infrastructure was consensual as a
barrier across all stakeholder categories. In addition, the uncertainty in
the occurrence of auctions was acknowledged by a clear majority of
developers, as well as most engineers & consultants and researchers.
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5. Discussion

The very promising and distinguished future of WE in Brazil became
true (Filgueiras et al., 2003). However, this study has confirmed that 24
barriers, from six categories, have played a role in hindering the suc-
cessful large-scale implementation of onshore wind farms in the
country.

With few exceptions, stakeholders from all categories widely men-
tioned these 24 barriers. It is remarkable that some barriers such as
inadequate access to capital, unstable macroeconomic environment,
auction uncertainty, inadequate regulations, poor roads, and especially
insufficient transmission infrastructure and grid capacity limitations,
had an expressive consensus among the interviewed parties.

Among the barriers with high consensus are those that the inter-
viewees reported as most striking in the development of wind farms
nationally, some related to Brazil's overall economic context, and thus
with general impact, and others with specific impact on the wind sector:
the inadequate access to capital associated with the high cost of capital
(a general problem for the Brazilian economy); the unstable macro-
economic environment (another general problem) and its main con-
sequence, auction uncertainty (a specific problem for the Brazilian wind
sector); and the poor transmission infrastructure and the related current
grid system constraints (also a specific problem for the Brazilian wind
sector). In general, the interference of the barriers on the im-
plementation of wind farms was increasing while the fast and ex-
pressive WE took place. In fact, the local energy market institutions
(supply chain manufacturers, development banks, licensing and gov-
ernmental agencies) and the national infrastructure (grid, road and
communication) did not develop at the same pace as the Brazilian wind
farms, failing to provide essential services inherent to the development
of these energy facilities.

Regarding market barriers, the dependence of the Brazilian wind
supply chain on imported key wind turbine components, especially the
electromechanical parts inside the nacelle, has acted as a factor in-
hibiting the reduction of the high WE development costs (Yuan et al.,
2014), which is important to enable the competitiveness and the
growth of the contribution of WE to the Brazilian energy matrix (Li,
2010). However, this dependence has been decreasing because BNDES
Finame - the most important public funding instrument used by wind
developers in Brazil to finance machines and equipment — has evolved
in terms of access rules, requiring that wind turbines deployed on
Brazilian wind farms include, at least in part, locally produced high-
tech components, which has naturally increased the establishment and
expansion of foreign manufacturers in the country and fostered, as well,
the emergence of national manufacturers (Tolmasquim, 2016). None-
theless, government taxes of 26.5% applied to local turbine production,
in comparison with the 14% applied to imported turbines, are slowing
down the consolidation and development of the Brazilian wind industry
(ABIMAQ, 2013). In addition, it is important to highlight the need that
this supply chain, especially the manufacturers and assemblers of large
and weighty wind components, and the suppliers of subcomponents,
expand towards the Northeast region, closest to the wind sites, seeking
to reduce the supply chain's current geographic dispersion and con-
sequent logistics difficulties (ABDI, 2014).

The resistance of turbine manufacturers to cooperate also con-
tributes to jeopardize the successful operation of the wind farms,
especially in a current national scenario with low availability of skilled
personnel and O&M services, which consequently affects the dis-
semination of knowledge fundamental to local wind technology de-
velopment (He et al., 2016). The outdated wind potential information,
especially in Rio Grande do Norte and Ceara, also represents a difficulty
for local wind developers as they seek to identify new sites for wind
farm construction (Sawangphol and Pharino, 2011).

Among the economic and financial barriers, the current high cost of
capital and low equity participation, associated with a history of delays
in transferring the loans, have indisputably made it unattractive to
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invest in new wind farms in the country. Attractive financial loans are
essential to deal with the high up-front costs required by wind farm
implementations (Beck and Martinot, 2004; Celiktas and Kocar, 2009;
NFd et al., 2013; Yue et al., 2001), and their availability is important to
speed up RES developments (Liu et al., 2002; Mignon and Rudinger,
2016). Despite being the largest public development bank, with an
extremely large investment capacity, BNDES alone has been considered
operationally unable to support the increasing onshore wind farm im-
plementation across the country.

Concerning institutional barriers, the current unstable macro-
economic environment in Brazil, which is a general barrier to national
economic development, can be considered the main barrier to wind
farm implementation in the country recently. The economic crisis ex-
perienced nationally decreased the government's capacity to offer
competitive loans to wind developers, perform investments to reinforce
the existing critical transmission infrastructure, as well as maintain the
value of the local currency stable relative to the U.S. Dollar. The effects
of the crisis have a negative impact on new wind farm projects, which
mainly require loans and transmission lines, as well as on existing wind
farms, which fundamentally need a local currency that is valued and
stable relative to the U.S. Dollar, in order to pay wind turbine manu-
facturers within their budgets. Because turbine supply contracts are
normally established in Euros or U.S. Dollars (Friebe et al., 2014;
Schaefer et al., 2012), if the local currency fluctuates drastically, the
profitability of wind farms may be jeopardized. It is important to ac-
knowledge that just the wind turbines and equipment account for more
than 70% of the total cost of a wind farm (Blanco, 2009; Liu et al.,
2002).

Above all, the ongoing crisis has affected the demand for electricity,
causing a reduction in the auctions and consequently in the develop-
ment of new wind farms across the country (Bird et al., 2005;
Jagadeesh, 2000). The auctions are planned based on short-term de-
mand forecasts informed by the electricity retailers in the state, via the
federal government. In these forecasts, retailers have been adopting a
conservative stance, and have not considered a potential recovery of
economic growth, and consequently of electricity consumption, that
would reverse the effect of the recent 2014 economic crisis on WE
auction occurrence. In addition to the impact of the economic crisis on
the regulated market and the frequency of auctions, the electricity
consumers in the free market (usually large industrial and retail com-
panies) — a growing alternative for wind developers to establish PPAs —
have resisted medium-long term electricity supply contracts in a period
of economic recession, leading to an increase in revenue uncertainty.

Anyway, the occurrence of auctions to contract large wind farms
should be independent from national electricity consumption growth,
since the main electricity source in Brazil — hydropower - suffers from
frequent capacity losses due to droughts, and its typical alternative —
thermoelectric supply — generates electricity with a tariff that is much
higher than WE's. In fact, the expansion of WE in the country is re-
commended to diversify the current energy matrix not only due to its
low tariffs, but also to the increasing ability to predict when and how
much WE can be generated, ensuring security of supply (de Jong et al.,
2017, 2016).

Furthermore, the implementation of onshore wind farms in the
country can be stimulated by making the current electricity free market
legislation (ANEEL, 2018a) more flexible, namely by: decreasing the
contractual power limit (currently 500 kW), in order to offer consumers
that require less power, in particular Brazilian small and medium-sized
enterprises (SMEs), the chance to buy electricity direct from wind farms
at more competitive tariffs; and by encouraging large companies to
build their own wind farms, becoming self-producers and selling their
generation surplus in the free market (as in the pioneer case of Honda
Motors in Brazil), helping to consolidate this market as more wind
farms are implemented.

Another alternative to be considered, to keep encouraging the im-
plementation of WE in the country, is the liberalization of the retail
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market. In this scenario, households can choose which retailer they
want to buy electricity from, as already happens in several European
countries. Such liberalized market provides end-consumers the oppor-
tunity to select a retailer that sells, for instance, greener and more af-
fordable electricity — as is the case of the Brazilian Northeast WE
nowadays. The need to find alternatives to resume the growth in the
implementation of onshore wind farms is also important to drive a
market demand that is fundamental to support national WE supply
chain development (He et al., 2016).

The reported difficulties with environmental and archaeological li-
censing and land regularization need to be urgently mitigated. Still
prior to wind farm construction, these authorizations are required to
request loans from BNDES and to participate in public auctions. During
construction, especially in the case of the environmental and archae-
ological licenses, the related inspections carried out by the public li-
censing bodies need to be performed appropriately, namely avoiding
unnecessary interruptions and consequently risking hurting the con-
fidence of the wind developer (Duc Luong, 2015).

The lack of R&D culture in the country has contributed to the cur-
rent status of underdevelopment of the home wind industry (Li, 2010;
Martins et al., 2011; Sawangphol and Pharino, 2011; Zhou et al., 2012),
leaving onshore wind farm developers in the country dependent on
imports (Huang et al., 2013; Klagge et al., 2012; Walwyn and Brent,
2015; Zhao et al., 2014, 2013), and causing the profitability of Brazilian
wind farms to be highly affected by U.S. Dollar exchange variations.
Moreover, this weak R&D environment will continue to limit the “tro-
picalization” of wind technology (i.e., the adaptation of equipment to
the characteristics of Brazil), which would be essential to keep adapting
it to the specific wind conditions of Brazil.

The lack of cooperation between market regulators and wind de-
velopers, and the lack of support and capability from specific relevant
governmental entities, have made it difficult for wind developers to
collect all the licenses and approvals required to participate on the
auctions, as well as to meet the generation deadlines defined in the
PPAs. Cooperating regulators and specialized and proactive govern-
mental institutions are fundamental for an efficient wind farm im-
plementation across the country (El Fadel et al., 2013; Li, 2010; Tang
et al., 2013).

In terms of technical barriers, the current grid capacity limitations
are particularly salient and have constrained wind farm expansion in
the country, especially in the states with poor transmission infra-
structure. Even if the economy were to enter a period of fast recovery
and the auctions to restart again with appropriate frequency, PPAs for
new wind farms in the states of Rio Grande do Norte and Bahia would
not be possible due to the incapacity of the grids to deliver the gener-
ated electricity. Nevertheless, at least for the wind farms already in
place, the Brazilian TSO has guaranteed the grid access necessary for
stability in the transmission of their generation, avoiding wind cur-
tailment and the consequent revenue losses (Gatzert and Kosub, 2016;
Kaldellis et al., 2004; Klessmann et al., 2008; Zeng et al., 2014). The
lack of skilled personnel, especially in O&M services, has also been a
reason for concern among wind farm owners in the country. Wind farm
construction started back in 2005, and in recent years many farms have
begun to complete one decade of operation, and naturally to require O&
M services provided by skilled personnel, whose absence compromises
sustainability in a growing industry (Friebe et al., 2014; Huang et al.,
2013; Klessmann et al., 2011). This lack of skilled personnel with high
expertise in wind technology in fact hinders the whole expansion of the
local WE industrial cluster, fundamental to keep reducing the depen-
dence on foreign technology (He et al., 2016). The need to adapt tur-
bine technology to local wind conditions, in order to avoid downtimes
and increase the capacity factor and lifetime (Sawangphol and Pharino,
2011; Yuan et al., 2014), is still another prominent technical issue in
the country.

Regarding social barriers, the resistance from local communities has
had an impact in the analysed states, in the worst cases leading to
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delays in the construction of wind farms (Agterbosch et al., 2009;
Aitken et al., 2008; Fischlein et al., 2010; Mulvaney et al., 2013; Toke
et al., 2008). The opposition from local communities has been frequent
in coastal areas, due to a local perception that wind turbines interfere
with the natural landscape and consequently with economic activities,
in particular tourism, which is one of the main economic activities in
the states of Rio Grande do Norte, Bahia and Ceara. The local land-
scapes are perceived by many as perfect beauty (Betakova et al., 2015;
Pasqualetti, 2000; Wolsink, 2007), and their disruption by wind tur-
bines is believed to hamper tourism activities (Kucukali, 2016; Sperling
et al., 2010). Local resistance was also observed in inland areas, as part
of the bargaining for improvements to municipal infrastructures, al-
though less severely than in coastal areas.

Among “other barriers”, poor infrastructure conditions, in particular
insufficient access to the transmission network, have undoubtedly been
the major constraints to the development of new wind farms in the
three states. Additional investment efforts by wind developers may
allow them to overcome road and communication infrastructure re-
strictions, but given the magnitude of transmission construction costs,
without public investment it is impossible to build the long-distance,
high voltage transmission lines required to cope with the overloaded
grid capacity (Herran et al., 2016; Swisher, 2009). The uncertainty in
the occurrence of auctions has also affected wind developers, as well as
the other companies that are part of the national WE supply chain,
which highly depends on a stable market demand to keep producing
and avoiding idle capacity (Lewis and Wiser, 2007). In the case of small
to medium size wind developers, the financial resources that have to be
committed to prepare a wind farm project may compromise their fi-
nancial health when auctions are postponed. In this unpredictable in-
vestment context, only large developers can sustain long planning cy-
cles and cope with the uncertainty in auction occurrence (Stenzel and
Frenzel, 2008). For this reason, instead of considering additional ex-
pansion, namely to bring core components to be produced locally,
manufacturers have been looking at potential reductions or even
shutting down their activities in the country. Finally, the competition
for coastal properties, due to the concentration of wind farms along the
coast, has led to excessively high prices for available windy sites, and a
recent trend of migration of wind farm investment to inland areas,
decreasing the number of new wind farms built near the coast.

Even acknowledging their ability to interfere, barriers such as the
following do not feature a significant impact in the development of the
Brazilian wind farms: (Market) restricted access to wind turbine tech-
nology, lack of information about the wind potential; (Institutional)
lack of R&D culture, lack of state public institutions capacity, in-
adequate state secretary of energy; (Technical) insufficient O&M ser-
vices, lack of skilled personnel, insufficient quality of wind turbines and
blades; (Social) local community opposition; (Other barriers) lack of
communication infrastructure and competition for land. Nevertheless,
the mitigation of these barriers, as well as the main ones, certainly will
create a very welcoming investment atmosphere to expand the devel-
opment of onshore wind farms in the country.

This study identified the occurrence in Brazil of 24 of the 41 barriers
to RES implementation outlined by Painuly (2001), which suggests that
the absence of the remaining barriers, at earlier or more recent stages of
WE diffusion in the country, has allowed it to develop fast and ex-
pressively.

Among the barriers absent since early stages, it is worthwhile
pointing out the non-existence of a highly controlled energy sector,
which means that a legal framework to support RES investments has
been in place (Beck and Martinot, 2004), as well as a need recognized
by the local government to establish alternatives to electricity genera-
tion from conventional sources (Li et al., 2014; Tang et al., 2013). In
addition, the omission of references to market distortions by the in-
terviewees is also remarkable. Such absence points to the existence of a
reverse auction mechanism (support scheme) that offers identical
selling possibilities to WE in comparison with conventional sources,
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especially in terms of remuneration tariffs (Beck and Martinot, 2004;
Georgiou et al., 2008; Mezher et al., 2012; Vidadili et al., 2017), pro-
viding wind farms an opportunity to commercialize their generation in
the local energy market (Afsharzade et al., 2016; De Melo et al., 2016;
del Rio and Tarancon, 2012; Lema and Ruby, 2007; Liu and Li, 2011;
Osmani et al., 2013; Schaefer et al., 2012). In spite of the existence of
identical selling opportunities, as reported by the participants, it is
important to note that the current support scheme prevents appropriate
evaluation and does not consider the social, environmental and trans-
mission externalities, effectively providing conventional sources a cost
advantage in the country (de Jong et al., 2015).

Other barriers absent at earlier stages emerged only more recently,
such as the contribution of economic growth to increasing electricity
demand and ensuring continuous and stable energy auctions at a na-
tional level. This early positive scenario led to the conclusion of many
PPAs and incentivized the development of many wind farms in the
country (Barradale, 2010; Darmani et al., 2014). In that context of
stability in the occurrence of energy auctions, the government was also
experiencing a significant financial health, which allowed it to offer
loans with low interest rates and high equity participation, increasing
even more the incentives to the development of wind farms (De Melo
et al., 2016; Kar and Sharma, 2015; Rickerson et al., 2013). At earlier
stages, two other factors jointly facilitated the fast expansion: the high
availability of good wind sites near the coast, and the consequent fea-
sibility of access to the transmission network (Baringo and Conejo,
2012; Mentis et al., 2015; Wang et al., 2012), due to the fact that the
transmission network in coastal areas is reinforced in order to be able to
supply the largest electricity consumption centres which are located
there.

6. Conclusions and policy recommendations

Focusing on the Brazilian case of fast and expressive WE diffusion,
this study identifies barriers to large-scale onshore wind farm im-
plementation. The study included interviews with various stakeholders
from the local WE sector, with expertise in wind farm development
across the country, and especially in the three Northeast states that
feature highest WE generation. Most barriers were acknowledged by all
stakeholder categories, which shows a widely shared understanding of
what is happening in the sector by all its key players.

Among the 24 barriers identified, the interviewees classified 13 as
having a national scope of impact, and 11 as having a state scope. The
barriers with national scope, hindering implementation across the
whole country, differ from those with state scope, which need state-
level analysis to confirm whether they interfere or not with wind farm
development. Moreover, the interviewees pointed out that 12 of the
barriers are general, i.e., related to Brazil's overall economic context,
and the remaining 12 are specific to the sector.

The participants also classified six barriers as having a recent history
of occurrence, which means that at earlier stages their absence may
have acted to boost onshore wind farm implementation in Brazil. The
interviewees made clear that these barriers, especially the difficulty in
connecting new wind farms to the transmission network, the un-
attractive loan conditions with high interest rates and low equity par-
ticipation, and the unstable macroeconomic environment in its relation
with the uncertain occurrence of auctions are those that most severely
threaten the continuity of the fast and expressive WE diffusion observed
in the country.

Poor transmission infrastructure has been recognized as the barrier
with the highest impact. The existing grid capacity limitations, espe-
cially in the Northeast states of Rio Grande do Norte and Bahia, prevent
the development of new wind farms. In the upcoming years, if the
national government does not support the construction of new trans-
mission lines and the reinforcement of the existing ones, there will be
no high-voltage transmission capacity available across the country to
accommodate generation expansion.
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Unattractive loan conditions, one of the 12 general barriers, were
considered the barrier with the second highest impact. With the ex-
ception of very few wind developers, supported by foreign investment
funds, the interviewees have observed a generalized difficulty in raising
the vast amount of financial resources required to cope with the very
high up-front costs in competitive terms.

The unstable macroeconomic environment, also one of the 12
general barriers, was considered the barrier with the third highest im-
pact, due to its direct relation with the uncertainty in the auctions, one
of the barriers specific to the WE sector. In periods of economic stag-
nation or decline, electricity consumption tends to decrease, especially
in industry and commerce. With an ongoing economic crisis, and as-
suming its maintenance for the next few years, the Brazilian govern-
ment has declared the expansion of WE contracts unnecessary.
However, the frequent reduction of the capacity available from hy-
dropower plants and use of thermoelectric generation as an alternative,
could be addressed by the currently tariff-competitive and predictable
WE generation, thus providing the government an important motiva-
tion for keeping promoting auctions even when the economy does not
suggest an electricity consumption increase.

The free market provides another important alternative to stimulate
the implementation of onshore wind farms in the country, through a
revision of the current legislation, which restricts the participation of
several potential consumers. Policy changes may allow attracting to this
market a larger consumer base, which may naturally select WE — one of
the most tariff-competitive electricity sources in the country nowadays.
On the other hand, more WE may become available in the free market,
to satisfy this increasing consumer base, if more large companies are
encouraged to become self-producers and sell their surplus in the
market.

The liberalization of the retail market is another option of interest to
keep promoting the implementation of large onshore wind farms across
the country. However, the current long-term contracts signed between
the government and the monopolistic state retailers, and a possible lack
of political will, may be powerful impediments to this opening of the
market. A scenario under which household consumers can decide to
buy electricity from retailers that sell greener and lower tariff energy
can thus take a long time to materialize.

Additionally, macroeconomic instability has contributed to the
emergence of other barriers, such as an impoverished transmission in-
frastructure and an inadequate access to capital. This instability affects
the national public financial soundness, which is essential for the
government to be able to support infrastructure reinforcement and
provide competitive funding.

In spite of the uncertainty created by the set of identified barriers
regarding the future of WE utilization in Brazil, all the interviewees
revealed optimism, believing a turnaround of the economy to be soon
on its way, and the growth in electricity consumption to be soon re-
sumed, leading periodic energy auctions to be restored, as well as
competitive public funding and transmission infrastructure to be re-
inforced.

Nevertheless, further questions arise that might have a decisive
impact on the future of WE in Brazil: How long will it take for a sus-
tained economic recovery to happen in Brazil? How long will political
instability persist in the country, holding back the desired economy
recovery? How long are wind manufacturers and developers interested
in implementing wind farms willing to wait for this recovery? If man-
ufacturers and developers move their attention to other markets what
will happen to an industry that took years to reach this level of de-
velopment?

Seeking to avoid a pessimistic response to these questions, the
government can implement efforts to mitigate the 24 identified barriers
through public policies. Aiming at providing guidance in the definition
of policies to overcome those barriers, 13 recommendations emerged
from the analysis of the interviews, focused on establishing develop-
ment stability and consequently promoting the sustainability of the
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Brazilian WE sector. Considering first the barriers with highest impact,
it would be advisable to implement the recommendations according to
the following priority:

(i) Expand the Programa de Aceleragdo do Crescimento (PAC) in-
itiative promoted by the federal government, to invest further in
infrastructures (high voltage transmission lines, substations, and
roads) in the regions with windy sites, aiming at enabling future
development of wind farms;

Implement specific legislation to facilitate competitive funding

for RES projects, ensuring the debureaucratization of the credit

granting processes and the existence of attractive conditions (low
taxes and high equity participation), including opening the
market to foreign institutions willing to fund RES;

(iii) Promote WE expansion independently of the level of economic
growth, so that even when electricity consumption does not in-
crease, auctions for wind farms still occur, aiming at promptly
reducing the use of expensive thermoelectric plants and gradually
decreasing the dependence on hydroelectric power;

(iv) Make the current free market legislation more flexible, to allow
attracting and retaining more consumers, namely SMEs;

(v) Create specific legislation to encourage large companies to be-
come WE self-producers and stimulate their participation in the
free market;

(vi) Liberalize the electricity retail market, creating the conditions for

household consumers to have the opportunity to choose a retailer

that supplies green and tariff-competitive WE;

Review the incentives to WE, taking especially into consideration

the externalities of all energy sources;

Implement federal legislation to standardize and simplify the

processes of land regularization, and environmental and archae-

ological licensing, required for wind farm development, im-

proving efficiency while still addressing environmental and ar-

chaeological concerns;

Create specific channels of cooperation between the federal

government and WE generation states, in partnership with local

governments and the Associacdo Brasileira de Energia Edlica

(ABEE¢lica), to provide instructional support for the development

of wind farms;

(x) Establish a package of incentives, such as tax exemptions and
competitive public credit, to encourage Brazilian companies to
integrate the national WE supply chain, e.g., construction com-
panies for tower and blade production, metalworking companies
for turbine components production, and electric generator fac-
tories or aeronautic companies for wind turbines production;

(xi) Expand technical training programs in the Federal Institutes of
Education, Science and Technology in partnership with local
universities, foreign technology institutes, the Servico Nacional de
Aprendizagem Industrial (SENAI), turbine manufacturers and wind
developers, to attend to the local wind industry needs for skilled
human resources;

(xii) Create WE technology parks, led by the state's research founda-
tions, in partnership with turbine manufacturers, federal uni-
versities, foreign technology institutes and ABEEGlica, to foster
wind technology R&D efforts that promote the national produc-
tion of high-tech parts for wind turbines, blades and towers;
Create a federal program led by the Instituto Nacional de Pesquisas
Espaciais (INPE) and the Empresa de Pesquisa Energética (EPE) in
partnership with energy utilities, federal universities, and state
energy secretaries, to update the detailed wind atlas for each state
with WE potential, prioritizing windy sites, taking into con-
sideration existing infrastructures (roads, transmission lines and
communication services), and making the information publicly
available online.

(ii)

(vii)

(viii)

(ix)

(xiii)

In addition to contributing to support further research, policy
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making, and wind farm project strategy design, on topics related to
overcoming barriers to the sustainability of large-scale WE im-
plementation efforts in Brazil, this study also informs other countries,
especially developing economies with recent histories of WE diffusion,
and the intention to increase its utilization quickly and expressively,
about the barriers to onshore wind farm implementation that they will
probably see emerge. This generalization objective would benefit from
further individual and comparative studies considering other cases of
fast and expressive WE expansion.
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