
Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser

An overview of incentive policies for the expansion of renewable energy
generation in electricity power systems and the Brazilian experience

Giancarlo Aquilaa, Edson de Oliveira Pamplonaa, Anderson Rodrigo de Queirozb,
Paulo Rotela Juniorc,⁎, Marcelo Nunes Fonsecaa

a Institute of Production Engineering and Management, Federal University of Itajuba, Itajuba, MG, Brazil
b CCEE Department at North Carolina State University, Raleigh, NC, USA
c Department of Production Engineering, Federal University of Paraíba, João Pessoa, PB, Brazil

A R T I C L E I N F O

Keywords:
Renewable energy generation
Incentive policies
Electricity power systems
Long-term planning

A B S T R A C T

Energy production from renewable sources is already a reality in many countries, and with that, different
strategies for incentivizing investments in renewable energy generation have been proposed and used over the
years. In this study, long-term policies that have been applied in several countries, such as feed-in tariffs, shares
with commercialization of certificates, auctions, and net metering, are overviewed and discussed. The main
advantages and disadvantages of these incentive strategies are emphasized, focusing on applications. Some of
these strategies that have already been applied in Brazil are analyzed in greater depth, emphasizing the
potentialities and fragilities of these mechanisms observed within the country. Even though it is a country that
stands out in relation to other Latin American countries regarding electricity generation from non-hydro
renewable sources, Brazil still faces barriers that prevent a utilization compatible with its potential. Moreover,
the trend for renewable sources, such as wind and solar power, is to represent an energy capacity reserve to
cover hydrological risks and also to contribute to a distributed generation spread through electricity distribution
networks.

1. Introduction

The limits of the world's oil reserves became a cause for concern in
the 1960s and 1970s, especially with the Oil Crisis. It was precisely
during this period that the renewable energy sector started to attract
investments and increased effort in the development of new technol-
ogies in order to become an attractive and viable alternative to replace
conventional fossil fuel systems [1,2]. The catastrophic nuclear power
plant accident, in Chernobyl, Ukraine, in 1986 also contributed to the
change in the planning direction of electrical power generation
systems. This accident contributed to the notion that nuclear energy
is to be distrusted and considered dangerous, given the seriousness and
widespread impact on human health associated with this tragedy. Lipp
[3] points out that after the Chernobyl accident, opposition to nuclear
power generation increased by approximately 70% in Germany,
stimulating a new enthusiasm for renewable energy sources (RES) in
the country.

According to Wüstenhagen and Bilharz [4], the accidents that might
occur in nuclear power plants were one of the reasons for renewable

energy to gain attention, and the interest in accelerating their devel-
opment continued to increase. After the nuclear power plant disaster in
Fukushima in 2011, this issue returned to Japan, with the Japanese
government having an urgent interest in finding alternatives to nuclear
energy sources through RES [5,6].

Regarding RES utilization, one of the benefits that can be provided
is the reduction of society's dependence on fossil fuels, which conse-
quently also reduces carbon dioxide (CO2) emissions in the environ-
ment [7]. Ramli and Twaha [8] add that fossil fuels are getting close to
being exhausted and, at the same time, are causing devastating
consequences worldwide. Besides this, Bertoldi et al. [9] affirm that
renewable energy is intimately related with environmental preservation
and climate change mitigation.

In this context, initiatives were observed in recent decades in many
countries, including Brazil, to promote a sustainable model of energy
generation, mainly related to electricity. In Brazil, the existence of
several rivers within its territory favors the predominance of hydro-
electric sources for power generation. Hydropower plants contribute to
approximately 80% of the country's total electricity production.
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However, large hydropower dams and their associated facilities have
significant socio-environmental impacts, including the widespread
blackouts of 2001 and 2002. Since the 2000s, the country has been
focusing greater attention on renewable energy sources that differ from
large-scale hydropower [1].

Schmidt et al. [10] point out that in the years 2014 and 2015,
drought resulted in low levels of hydro plant reservoirs. This event was
a determining factor in the increase in electricity prices in the market
and raised concerns regarding the ability of the system to ensure that
the supply could meet the electricity demand.

Some initiatives have been taken to encourage the sector's devel-
opment, the most relevant being the Alternative Sources Incentive
Program (PROINFA) considered the primary initiative in terms of
incentive policy for renewable energy in Brazil [11,12]. Following the
PROINFA initiative, other enterprises were developed to encourage
RES [13–15] for generating clean energy without the use of large-scale
hydropower, which will be discussed in this work.

Thus, this paper discusses the main long-term incentive policies,
emphasizing their advantages and disadvantages, with a focus on their
relevance and compatibility with the Brazilian renewable energy
market.

Section 2 presents the main perspectives for the future develop-
ment of renewable power generation. Section 3 discusses the main
incentive policies used in several countries to attract investments in
renewable energy. Section 4 describes the Brazilian experience with
incentive policies related to the expansion of renewable energy
generation with the PROINFA program and long-term auctions.
Section 5 concludes this paper.

2. Perspectives for development of renewable energy
generation

According to the warning by Nalan et al. [16], the main barrier for
penetration of RES in electric power systems are the high technological
costs and the disadvantages regarding cost-benefit in comparison to
conventional sources. The economic point of view is fundamental if
RES are to supersede technological progress and dissemination of its
utilization. Abolhosseini and Heshmati [17] explain that without an
economic advantage, renewable energy generation technologies will
not be able to compete with conventional sources.

Shum and Watanabe [18] emphasize that efficiency gains regarding
a certain product increase along with the user's network. This is no
different in the case of technologies for renewable energy generation.
The larger the number of users of a certain technology, such as solar
panels for example, the more likely the occurrence of knowledge gains
is (spillovers) and there is consequently a cost reduction for the
manufacturers. Besides this, along with the growth of consumers,
other potential users tend to feel more secure in using this new type of
technology.

Stoke [19] considers this very important to implementing strategies
that favor the reduction of technology costs related to the use of RES.
The costs in the RES sector are still significant when compared to
energy production costs from technologies that use fossil fuels,
characterizing a competitive disadvantage for renewable energy with-
out the support of appropriate programs. Incentive policies for RES
development are strategies used in many locations, and international
treaties, regulatory mechanisms, and incentives for investment are
among their attributes [20]. Within this scenario, governments of
several countries have been adopting incentive mechanisms for the
sector over the last 10 years. Thus, there was a significant increase of
investments in RES, mainly in developing countries, according to the
data shown in Fig. 1, of which the values are presented in billions of US
$.

According to Jacobs et al. [22], several Latin American countries
are gradually implementing measures in order to insert a larger
proportion of renewable energy into their respective electricity grids,

trying to avoid too much dependence on fossil fuels. The REN 21 [23]
report about future worldwide scenarios for renewable energy indicates
that RES will present a growth in installed capacity until 2035. It is
possible to observe in Fig. 2 the evolution of the representative
proportion of the three sources of electricity generation in the world.

The study by Islam et al. [24] reveals that the investment cost in
wind power generation is an example of renewable generation that
presented accentuated reductions over the years. Nielsen et al. [25]
affirm that the reduction in costs for Denmark was also significant: by
2003 costs were reduced by 55% of those of the 1980s. During this
period, technological innovations have been allowing the development
of more efficient turbines at lower costs.

Economies of scale are obtained from the increase of project size
and the manufacturing process. More specifically, innovations regard-
ing the material, design, manufacturing processes, and logistics help to
reduce system and component costs necessary for wind power genera-
tion. Islam et al. [24] affirm that the US, Denmark, Spain, and other
European countries had significant cost reductions until the mid-
2000s, during which these countries adopted policies to leverage the
renewable energy sector. It is worth mentioning that after 2004 until
the period between 2007 and 2009, the associated technology costs
became unaffordable, mainly due to the increase of energy prices and
commodities.

3. Designs of policies and well succeeded applications

Governments may intervene using different strategies to leverage
the renewable energy market. Such strategies can be short or long-
term. The difference is that short-term strategy investments run out
when the strategies are finished, while long-term strategy investments
continue even after the policies have been implemented, the latter
results are due to the creation of a market.

The most popular types of short-term strategies for the renewable

Fig. 1. Investments in renewable energy generation per year. Source: Adjusted from
REN 21 [21].

Fig. 2. Proportion of each source in global electricity generation. Source: REN 21 [23].
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energy sector are: direct subsidies, tax cuts for projects that use RES,
and charging taxes for a certain amount of CO2 emissions. As a matter
of fact, almost all governmental policies for the promotion of RES
involve a mix between short and long-term strategies [5]. However,
long-term strategies have greater relevance and end up being funda-
mental in constructing a new model of production and energy
consumption. Among these strategies, the most important and known
mechanisms for promoting renewable energy in the long-term are
divided into three categories: feed-in tariffs (FITs), auctions, and the
quota system.

As observed in Fig. 3, there was an increase in the number of
applications of policies supported by these three mechanisms, and also
for applications of the net metering system at either a national or state
level between 2010 and 2012. The main advantages and disadvantages
of these four mechanisms and their potential for inserting RES into the
electricity grid will be reviewed in this section, with a special focus on
developing countries.

3.1. Feed-in tariffs

Several authors in the literature clarify that a good policy is
necessary to develop and utilize RES, and in this sense, FITs present
higher efficiency in promoting these sources, providing stability, and
ensuring financial security for energy producers [8,26–31]. Due to
these reasons, FITs have been applied in countries that have been
employing strategies to promote RES use, mainly in developing
countries, as it can be seen on Fig. 4.

Couture and Gagnon [33] emphasize that among the main proper-
ties of policies based on FITs, there are: the guarantee of access to the
electric power grid, contracts that establish the energy supply in the
long-term, and calculated prices based on levelized costs of energy
generation compatible with each source. Table 1 shows the most
advantageous characteristics that can be incorporated into a policy
supported by a FIT.

An interesting approach that can be incorporated into FIT-based
policy is one that Germany uses and has been serving as the reference

for FIT applications the world over: the periodic reduction of prices or
digression. This property can be decisive in determining the efficiency
of a FIT application. According to Lipp [3], the reduction of the
remuneration paid to the producer throughout time assigns higher
competitiveness to the technology manufacturers, and moreover, it also
makes the FIT program less financially onerous to the final consumer.

Regarding policies with FIT utilization, Germany offers a successful
example in this application. Mabee et al. [37] and Büschen and
Dürrschmidt [38] emphasize that with a simple and basic structure
offering minimum remuneration taxes as prizes for generation of green
electricity, the Erneuerbare-Energien-Gesetz (EEG) was consolidated
as the most successful program for promotion of renewable energies,
on a national and worldwide level. Fig. 5 shows the increase in growth
of RES in Germany, during the period between 1990 and 2012. While
not specifically shown here, it is an interesting note that only tidal
energy and geothermal sources did not reach 100 GWh until 2012.

Lehr et al. [40] mention that the German FIT program significantly
contributed to job generation derived from the sector's growth, mainly
those related to civil construction, technology, and also public jobs.
According to Sovacool [41], Enercon, one of the main producers of
wind power generation technology in Germany, expects that the
number of jobs created in the renewable energy sector will reach a
baseline of 710,000 jobs by 2030, which is equivalent to the number of
jobs created by the German automotive industry.

The German FIT program was very successful in promoting RES
use, which was evident by the fact that the contribution of renewable
energy to the electricity grid increased more rapidly than what was
predicted. Büschen and Dürrschmidt [38] emphasize that in 2007, RES
contributed 14% of German electricity generation, surpassing the
predicted goal of 12.5% until 2010, a significantly higher contribution.

However, it is necessary to highlight that another determinant
factored into the success of the German strategy through FIT, and that
was the stability and the continuous improvement of the program. A
study by Jacobs et al. [22] presents examples of countries from Latin
America and the Caribbean not obtaining the same efficiency as
Germany, due to the formulation of inadequate strategies, in addition
to regulatory instability and politics that impair the strategies.
Therefore, it is worth mentioning that poorly designed policies can
turn FITs into expensive options for the final consumer, in addition to
not producing the desired results.

3.2. Quotas with commercialization of certificates

A quota-based approach requires a certain amount of energy be
generated through RES. In this mechanism, the producers of clean
energy receive a marketable certificate for each unit of energy
generated. Abolhosseini and Heshmati [17] explain that instead of
what occurs in FIT and auction arrangements, RES policies based in a
quota system do not have a guarantee of energy purchase by the
government and instead trusts in the private market to absorb the
energy generated.

The Renewable Portfolio Standard (RPS) is highlighted as the main
category among the mechanisms related to the quota system [5]. The
RPS is characterized as an approach based on the market and is
administratively efficient. Keeping this in mind, RPS depends on
private investment but also relies on government support to establish
quotas to promote RES growth [34].

One of the most known variants related to the quota system is the
commercialization of green certificates. In this mechanism, the green
electricity produced is measured and certified by a certification
authority generally controlled by a government agency. The process
is similar to a bank account in which the energy produced is saved as a
credit [2]. It is worth mentioning that commercialization of certificates
has been applied in international scenarios, for example, the Clean
Development Mechanism (CDM) established through the Kyoto
Protocol. The CDM is designed with the objective of channeling foreign

Fig. 3. Number of countries that have policies for promoting RES. Source: Adjusted
from REN 21 [23].

Fig. 4. Amount of developed and developing countries that use FIT. Source: Glemarec
et al. [32].
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investment into non-Annex I countries as designated per the Kyoto
Protocol.

Watts, Albornoz, and Watson [42] clarify that the CDM established
in the Kyoto Protocol in the mid-2000s, reached it peaked in 2010.
However, the authors observe that the geographic distribution of hired
projects has been unequal, with most projects found in Asia and the
Pacific (86%), followed by Latin America (11%). The main necessary
change in the mechanism is to improve the clarity and regulation of the
requirements for registering with the CDM.

The quota system establishes a general volume for renewable
energy generation, however it does not provide a guarantee that all
energy will be purchased through the market. Therefore, in this last
system, an energy plant can sell off all of the energy it produced at the
beginning, and later on it can be replaced by a less expensive energy
generation [43]. Besides this, not having standardized contracts creates
high transaction costs and the bureaucratic bidding process makes this
mechanism more difficult, which is why it is generally not recom-
mended to leverage RES in developing countries [44,45].

Due to the paperwork process and several uncertainties that the
quota system provides to producers of renewable energy, this mechan-
ism is not considered the most recommended as an insertion policy for
RES in developing countries. Mainly because the political and econom-
ic scenarios in these countries are unstable, it is necessary to have
strategies that eliminate as many uncertainties as possible for any
producer introducing new energy to the market.

3.3. Auctions

Mir-Artigues and Del Río [46] explain that in an auction tendering
system, the government invites the renewable energy producers to
compete within a certain budget basis or a generation capacity. Several
sources can be involved in the same event or it can be configured for
only some sources, in which the cheapest biddings per kWh are hired
and provided with a subsidy.

This system can be supported for development of technology
connected to different sources, and according to Abdomouleh et al.
[34], this is due to the fact that, often times, auctions motivate
competition among different sources. This can result in cost reductions
from suppliers for many sources and allow them then to also reduce
their energy prices: this occurred in Brazil with wind power generation.

The main characteristics that can vary among auctions organized in
different jurisdictions are shown on Table 2.

In one study by Becker and Fischer [47], they clarify that in
countries, such as India and South Africa, auctions have been a viable
alternative due difficulty that these countries face in keeping FIT-based
mechanisms around long-term. Among the obstacles are maintenance
of a reasonable tariff level in the long-term, lack of stability in the
formulated policies, and judicial and regulatory scenarios that make
FIT implementation more difficult.

Del Rio [48] adds that auctions share some advantages present in a
FIT system, such as the guarantee of long-term revenue for renewable
energy producers, and regulators are permitted to know the support

Table 1
Main producer advantages that can be incorporated into a FIT program.

Characteristic Description

Guarantee of connection to the electricity power
grid

Energy producers are guaranteed a connection to the electricity power grid. Generally, standard and transparent rules are
already established for the connection process.

Priority in the connection and distribution The process to insert new projects in the transmission system is generally long. FIT projects, however are given priority
connection and distribution rights.

Guarantee of purchase for produced energy Generator agents are guaranteed a 100% purchase rate of the energy they produce. This may be accompanied by rules to
avoid cuts and interruptions in the contracted energy supply.

Duration of long-term contracts Long-term contracts avoid exposure of revenues from renewable energy projects, considering the volatility of electrical
energy prices. Generally, the contracts last according to the lifetime of the project's technology, thus avoiding the need for
contract renovations when the deadline of the current policy is terminated.

Source: Jacobs et al. [22], Abdomouleh et al. [34], Del Río [35] and Jenner et al. [36].

Fig. 5. Growth of gross electricity generated by certain RES in Germany. Source:
Adjusted from IEA [39].

Table 2
Main auction characteristics.

Characteristic Description

Scope The bidding process can be adopted to define the level of support offered or concede rights for project implementation, with the tariff
support defined later on.

Event organization The remuneration baseline can be defined in different manners:
– Uniform price (the lowest bid given to attend the quota is given to everybody at the number of shares they requested).
– Pay-per-bid (the price in exercise defines a support roof, but the winners receive their bid);
– Vickrey auctions (the winner receives the second best price, the second winner receives the third best price, etc.).
– By average of biddings (the average offer price defines the tariff value).

Penalty for non-fulfillment of the norms Penalties can be applied with a fixed fee, modulated based on delay time, defined by MW or kWh, and also by a percentage of
investment done.

Discrimination by source This can include all types of energy sources in the same bidding event or can be done only for certain sources.
Duration of contracts Contracts are differentiated, being configured in the most appropriate manner for each source and project scale, in order to guarantee

low risk and profitability to the producer.

Source: Adjusted from Del Río [48].
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offered beforehand. Besides this, auctions also deal better with the
problem of asymmetric information in comparison to FITs, regarding
trends in technology costs connected to each RES. This advantage
brings certain efficiency to the mechanism, as it prevents the renewable
energy producers being paid with excessive revenues.

However, auctions offer fewer guarantees to the producer in
comparison to FITs, since a delay can occur in the organization of
new auctions to purchase renewable energy [34]. There is also a risk of
having proposals with very low prices that do not reflect technology
costs, which sends a negative signal to the industry. Brazil had an
occurrence of this type regarding wind power generation at the end of
2012.

3.4. Net metering

Net metering partially or totally compensates the user of RES
electricity with the distributed generated system. This occurs through
the utilization of a meter that is able to show the liquid consumption
balance, as well as the energy generation balance. The balance of
energy consumption or generation is verified at the end of each cycle
(e.g. monthly, bi-monthly), regarding the energy produced by the
system [49–51].

The problem, however, with net metering is that it won’t provide a
sufficient insertion of RES into the electricity grid for a significant
penetration in the market and, therefore, can only be considered as a
transition step for the integral price system. However, Watts et al. [49]
explain that this policy promotes a distributed generation with the fee
paid to the generation system owner in the retail being higher than
would be received by a conventional generator producing the same
energy. The value paid to the owner encompasses the payment of the
distribution system, becoming an implicit subsidy for generation of
distributed green electricity.

According to Zahedi [52], Australia is an example where there was
application of the net metering system in six states (Victoria, Western
Australia, South Australia, Northern Territory, Queensland, and
Tasmania) to leverage the use of photovoltaics to produce solar energy.
However, it was concluded that adopting net metering as the main
strategy was not the most appropriate system in these locations, given
that it did not offer enough economic attraction for installation of the
technology. Another risk highlighted by the author regarding the net
metering system, is that it could stimulate the reduction of electric
energy consumption throughout the day, alternating the consumption
to the night period, and putting a higher pressure over the day period,
where there is a peak demand.

Even though net metering is not the most adequate strategy to lead
the promotion of RES technologies, it is an interesting way to motivate
the production of renewable energy on a small scale. Several countries
have utilized this approach, especially since decentralized technologies
and their installations, as well as wind and solar energy generation on
small scales are changing the characteristics of energy supply struc-
tures [53].

According to Bayod-Rújula [54], some noteworthy benefits asso-
ciated with energy micro-generation include: avoidance of transmis-
sion jams, the perspective of replacing an infrastructure of expensive
capital with resources focused on micro-generation, and the fact that
on-site production reduces loss during transmission.

4. Applications of strategies to promote RES in Brazil

In this section, we present the Brazilian experiences using policies
discussed in Section 3. Except by the quota system, the country has
adopted policies based on FIT, auctions and net metering. However,
despite not having been adopted a relevant policy share in Brazil, many
power generation projects from RES in the country are part of the
CDM, which is based on the trading of carbon credits (a closely related
strategy to quota system). Initially, a brief contextualization of the

Brazilian electricity market and the share of renewable energy sources
in the country are showed and discussed; then, the Brazilian experience
regarding to FIT is discussed along with energy auctions and the
participation in the CDM; later, we address the net metering mechan-
ism adopted by Brazil in 2012, and finally we analyze the prospect of
electricity production from RES in Brazil with respect to other Latin
American countries.

4.1. PROINFA, auctions and participation in the CDM

Historically, the Brazilian energy sector has been subject to
significant state intervention, and it was only in 1996 when the sector
was privatized, nevertheless, most of the major generation companies/
assets remained under government control. Among the main public
agencies, the Brazilian Electricity Regulatory Agency (ANEEL) is the
regulatory body responsible for setting electricity tariffs and ensuring
fair prices. The National System Operator (ONS) acts as the indepen-
dent system operator (ISO) and is responsible for operating the
electricity grid, including coordination and control of generation and
transmission.[55]. And the Electricity Commercialization Chamber
(CCEE) operates in energy trading contracts, registering and verifying
the generation compliance signed in agreement by the producers [14].

Since 2004, a new energy-trading model has been established, with
two markets for trading and buying power contracts: the regulated
market characterized by auctions and the free market [14].

State intervention has also been playing a role in the promotion of
new energy alternatives throughout the country. Since the 2000s, there
has been the introduction of different policies to encourage new energy
alternatives [11,14].

In addition to the energy-rationing crisis that Brazil faced in 2001,
other reasons have motivated the government to promote the use of
new sources of renewable energy, such as the growth of industrial
activities, urban growth, and agricultural expansion that pollutes and
degrades the environment [56].

Through PROINFA, the obligation of electricity energy providers
was established in order to promote their participation in the uni-
versalization of the access to this program. Until 2001, there were no
favorable incentives within the country and therefore it was hard for
the entrepreneurs of small renewable energy projects to become
established. It was only with the creation of PROINFA that Brazil
really started to notice the execution of a policy directed toward the
renewable energy sector that contained greater amplitude and inter-
national repercussions.

PROINFA was divided in two phases. In the first phase, FITs were
used to insert 3300 MW produced by the contemplated renewable
sources. The second phase (which was also initially supposed to be
based on FITs, but was reformulated in 2003) was based in tendering
through auctions [57]. Dutra and Szklo [58] add that the program still
includes special financing systems through the National Development
Bank (BNDES) and a minimum requirement for participation of
utilization of national equipment in the hired projects.

Even though PROINFA was a strategic plan for the sector, with
goals and objectives defined for the long-term, in addition to the FIT
application being similar to those found one in Europe, the program
was designed to contemplate only three sources (wind power, biomass,
and small hydro plants (SHPs)). Solar energy, for example, was not
part of the program, and initiatives to motivate tendering of large-scale
projects from this source started to appear in some auctions only in
2014. Moreover, BNDES is the only bank that offers advantageous
financing lines for power generation projects from RES, and there is
still a lack of lines that support the growth of the sector within the
country.

Regarding the second PROINFA phase, an insertion goal for RES
was established (not considering the large hydroelectric power plants)
in the Brazilian power system, considered ambitious and correspond-
ing to 10% of the total power generation installed capacity until the end
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of 2022. In the period in which the application of the project tendering
strategy through auctions was confirmed, Dutra and Szklo [58] claimed
that the wind power source could be the most damaged with the
application of auctions. Their cited reasons included the cost of this
technology being elevated in comparison to other sources competing in
the auction events. However, it has been verified following the first
specific auction for this source in 2009, its utilization has significantly
grown.

The good performance of wind energy in long-term auctions
showed the source’ recent potential to compete with other sources
without subsidies, what it was unlikely before PROINFA. This fact
motivated the adoption of auctions as a means of wind power projects
hiring, as well as other RES participating in the PROINFA. In the end
of the last decade, the choice of the lowest price auctions instead of a
FIT-based strategy aimed to provide a fair rate (necessary to offset the
cost of technology) to remunerate the power producers and therefore,
prevent unbalances in electricity prices to the customers [47,48].

In addition, wind farms have displayed a substantial increase in
their capacity factor and have thus been highlighted in several auctions.
Fig. 6 displays the evolution of the installed capacity for wind power
generation in Brazil.

The tendering of renewable energy generation projects in Brazilian
auctions occurs through regular auctions or through energy reserves,
these being carried out every three or five years (A3 and A5 auctions,
respectively) before the date of initial delivery of electricity [14]. In
regular auctions, such as those for new energy or alternative sources,
the government has been organizing events for exclusive tendering of
generation projects from certain sources. Reserve Energy Auction
(LER) purchases the extra energy to increase the reserve margin of
the national grid (SIN). Mastropietro et al. [60] explain that since 2009,
the LER has been oriented toward tendering non-conventional energy
sources, mainly wind.

Some sources in particular, i.e., wind and solar power more
recently, have served as complementary alternatives for power genera-
tion of some Brazilian regions that are deficient in energy production
for the grid, such as the Northeast [14,61–63]. The wind potential in
this region is greater during the dry season (winter), while the potential
for solar energy is greater in the summer;the latter of which is the time
of year when energy demand increases [61].

Therefore, a noticeable trend in Brazil is that wind and solar farms
have been contracted for energy reserve capacity, in order to reinstate
the balance between physical guarantees attributed to the generation
power plants and the total physical guarantee of the system. This last
one corresponds to the maximum amount that the system is capable of
supplying given a specific supply criterion [64]. However, since wind
and solar generation are intermittent sources, the contracted plants of
this type are run many times during periods in which the generation
capacity is low.

Other studies have highlighted cases where other countries bene-
fited from the use of solar and wind energy sources for power
generation as a complementary form to hydropower [65–67].

Two other reasons that show alternative energy sources, i.e., wind,

solar, biomass, and SHPs are favored: there are limited resources to
produce electricity using fossil fuels; and there is resistance nuclear
energy.

Coal and natural gas, for example, represent around 40–60% of
primary energy imports to Brazil, in addition, the existing coal reserves
in the country are considered of low quality [68]. Therefore, supporting
a strategy to supplement the power supply with coal and natural gas
requires imported energy acquisitions [69], increasing the country's
exposure to macroeconomic uncertainty with exchange variations.

Considered a clean form of energy production by many, nuclear
power generation is considered an option in Brazil [69]. Currently
there are only two nuclear power plants in Brazil, however like in other
countries there is resistance on expanding the use of nuclear energy
[70], especially after the Fukushima accident on March 11, 2011. The
main obstacles to the growth of nuclear power in Brazil include: higher
costs due to increased security requirements, shortening of the nuclear
reactors’ lifecycles, reducing the lifetime of nuclear reactors, slow
development of technologies that provide greater safety for use of the
source, and difficulty in removing and recycling the spent fuel [71].

This scenario, as well as the policies created for alternative RES, has
favored wind power growth. In 2012, recognizing the right time to
strengthen internal production technology related to wind power
generation, BNDES started requiring that in order for candidate
businesses to be considered for receiving funds, at least 60% of their
technology must be manufactured in the country [1]. Such an initiative
has the objective of leveraging technology production in Brazil. Other
measures, such as exemptions from some taxes along the production
chain of the components’ manufacturing for wind power generation,
were also implemented in order to encourage the development of wind
farms.

Besides an increase in the installed capacity for wind power
generation, prices for energy generated from this source are consider-
ably decreasing since the creation of PROINFA, as can be observed in
Fig. 7. Until 2012, the price for energy produced by wind farms
decreased, reaching its smallest baseline in the country. After 2013,
however, electricity prices from these sources increased due to the rise
in worldwide technological costs and commodity prices.

Solar photovoltaic (PV) technology began to participate in long-
term auctions in Brazil in 2014, where solar farms started to compete
with other renewable and conventional power generation sources.
Since then, the country is experiencing a steady decrease in invest-
ment/installation costs associated with this electricity generation
source. This is a consequence of a worldwide reduction in technology
costs over the past decades, a trend that is expected to continue in the
near future [57]. However, it is important to mention that solar PV
equipment costs varies considerably from one country to another [57].
In some countries such as China, German and USA, technology prices
have been even lower than in Brazil [15] because there are specific
policies directed to this generation source, such as subsidies, taxes
incentives and special rates to power producers (as in the German FIT
program [37,38]). Based on the result of the last auction for wind and

Fig. 6. Evolution of the wind power energy installed capacity in Brazil (MW). Source:
ABEEOLICA [59].

Fig. 7. Evolution of wind energy prices in Brazil. Source: Adjusted from ABEEOLICA
[59].
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solar farms in Brazil, investment costs for these types of projects would
be approximately 1170 US$/kW and 1240 US$/kW respectively [72],
showing cheaper results than what was expected.

However, job creation statistics connected to the wind power sector
reveal that it is the construction of wind farms that contributes the
largest number of new jobs [73]. The authors still reinforce that this
scenario is different than what occurs in countries that export this
technology. Even though there are initiatives to stimulate wind power
technology production in the country, Brazil still remains distant from
the list of countries with intensive manufacturing of wind power
generation equipment,

Considering that the main manufacturers in the country are multi-
national companies, it is possible to notice throughout the years a
variation in electricity prices and in values for wind power generation
investments. This is due to the country's dependence on technology
developed abroad, the consequent variation to exchange rates and
economic instability (a frequent event in developing countries), which
also contributes to the instability of technology costs.

The participation of the government creating tax incentive mechan-
isms are important to support the growth of the wind industry in the
country [1]. Especially the reduction of high import taxes, since much
of the technology used in Brazil are manufactured by foreign compa-
nies. Recent reductions in import taxes were applied for the solar PV
technology used in distributed generation projects with the purpose to
help the microgeneration growth in the country [57].

Regarding Brazil's participation in the CDM, the country represents
2% of the program's low carbon portfolio, and has the greatest
participation within Latin America and the fourth largest CDM
participant with certified emission reductions (CERs) [49]. Other forms
of RES, such as SHPs, [74] may be financially interesting for
participation in the CDM in Brazil, especially for generation units that
are not connected to the national interconnected power system.
However, the CDM registration process is bureaucratic and complex,
requiring patience and persistence from the applicants. Besides this,
there is also a delay for release of green certificates.

4.2. Net metering for distributed generation

Similarly to the application of net metering in Brazil, Holdermann
et al. [50] describe the ANEEL introduced in April 2012, a net metering
mechanism that is applied to renewable energy generation systems on a
small scale. The objective of this strategy is to remove the barriers for
the generation distributed through the RES in the country and it
applies to generators with an installed capacity of up to 1 MW, for
micro-generators producing power smaller or equal to 100 kW con-
nected to the low voltage distribution networks, as well as to power
generators with an installed capacity between 100 kW and 1 MW, that
can be connected to the distribution network of low or medium voltage
levels.

However, even though the initiative is valid, mainly within the
context of liberalization of the Brazilian electricity power sector,
adequate financing lines are still missing. Financial instruments that
can offer support to attract and leverage investments in distributed
renewable generation are key to disseminating power generation at
residential levels.

4.3. RES generation in Brazil compared with other Latin American
countries

Brazil is currently applauded as Latin America's main producer of
renewable energy when excluding hydropower. Until 2012, the country
was responsible for more than half of all green electricity generated in
South America. Table 3 shows that until 2012, the four largest
producers of renewable energy (excluding hydropower) are Brazil,
Mexico, Chile, and Argentina. The total produced by those four
countries is equivalent to approximately 60 TWh.

Following Brazil, the countries that have a larger amount of
electricity from non-hydro RES are Mexico, Chile, and Argentina, even
though the total sum of the three countries reaches only a little more
than half the energy produced in Brazil. However, as it can be observed
in Fig. 8, even though Brazil is the country using more electricity from
non-hydro RES among Latin American countries, a large portion of the
total generation installed capacity is from large hydroelectric power
plants. Brazil has an abundance of hydro resources and smaller
production and investment costs from this source can be observed
when comparing with other RES.

In addition to SHPs, wind, solar, and biomass energy sources have
large growth potential within the country and are still underused in
comparison to what they could contribute to electricity generation.
Discussions around RES utilization have grown since 2014, when
Brazil faced a serious drought resulting in low water levels in the hydro
plant reservoirs consequently threatening the country's energy supply.
Moreover, the construction of large hydroelectric power plants has
been suffering opposition from some parties due to environmental
impacts to the interior regions with implications for their natural
reserves and cultural heritage.

Alemán-Nava et al. [76] show how Mexico is an example of a
country with an elevated RES potential, but also its underutilization of
these resources. Mexico is falling short of its RES capacity due to a lack
of long-term strategies and policies well-aligned for the sector, mainly
tax and financial incentives. Furthermore, the country has abandoned
its focus of promoting technology that can contribute to the Mexican
power generation system in the long-term, as for example, low-
enthalpy geothermal energy.

5. Conclusions

Unlike what was discussed in studies performed over a decade ago, the
utilization of RES is not seen as just a necessity anymore, but also a reality.
For this reason, many countries have adopted long-term policies to
encourage RES. Even though FIT strategies have been successful and
therefore preferred by many countries, it is necessary to exercise caution, as
they are not always the best strategy to promote the use of RES. Each
country's particular history, politics, economics, and culture need to be
considered in the design of FIT policies in order to ensure the program's
adequacy in inserting RES into the energy system.

Table 3
Main Latin American countries producing energy from RES.

Countries TWh (%)

Argentina 2.75 4.5%
Brazil 40.287 66.4%
Chile 5.263 8.8%
Mexico 12.321 20.3%

Source: Adjusted from EIA [75].

Fig. 8. Composition of the Brazilian power generation installed capacity until the end of
2014. Source: ABEEÓLICA [59].
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This study examined the main long-term incentive policies along
with a discussion about their advantages and disadvantages. This paper
aimed to present incentive initiatives introduced in the Brazilian power
system that helped to promote RES in the country. Since the first
relevant policy for the sector was created through PROINFA, Brazil has
been experiencing long-term incentive strategies. The initiatives that
stand out include FITs through PROINFA, and later, long-term
auctions for RES contracting supported by BNDES credit lines.
Basically, these two policies leveraged RES for electricity generation
in the country. Auctions have played an important role to place larger
amounts of RES at a price that reflects a fair amount to recover the
technology costs with a fair profit margin. Brazil has not seen yet any
initiative with respect to quotas with carbon credit transactions,
although the country is a CDM participant and therefore renewable
energy producers can benefit from carbon credit transactions.
However, delays and bureaucracy for the approval of CDM projects is
an ongoing obstacle discouraging new producers from participating in
this mechanism.

With the analysis carried out in this paper it is possible to notice
that wind power is one RES that stood out since the creation of
PROINFA. Incentive policies also provided financial stability and were
responsible to reduce the uncertainty in the market for wind power
producers. Such policies are key for solar PV as well because the source
still cannot compete on its on with conventional energy sources in the
market. More recently, the net metering mechanism stated to support
the growth of distributed generation. Net metering has been applied
since 2012 in a context where the country intends to develop its
electricity spot market. In this context, the goal is to allow consumers
to commercialize its electricity production with other utilities, traders
and consumers of the interconnected power system.

RES projects in Brazil highly depends on the technology developed
in foreign countries, even though the BNDES initiative requires that
60% of technology used in its financed projects must be manufactured
in the country. Also, in many cases the manufacturing process depends
on specific equipment produced by multinationals, what exposes
investors to variations in technology costs and exchange rates. In this
sense, it is also important the government's participation by enhancing
existing initiatives with short-term policies, such as tax exemption and
reduction, especially import-related taxes.

Even though Brazil is the largest producer of electricity using RES
in Latin America, excluding hydropower, it still faces barriers that delay
the growth of the sector. Many projects hired in auctions have difficulty
being connected to the power grid with their entry into operation
ending up delayed. In addition, BNDES is the only agency that finances
clean energy enterprises. Finally, but not less importantly, it is worth
mentioning that the Brazilian electric sector, similarly to neighboring
countries, also presents several regulatory uncertainties making the
environment unstable for investors of renewable power generation
projects.
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