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Abstract

There are five main institutions that develop research and provide data re-
garding photovoltaic energy generation in Brazil, they are: Brazilian Electric-
ity Regulatory Agency (ANEEL); Energy Research Office (EPE); International
Renewable Energy Agency (IRENA); Institute for the Development of Alter-
native Energies in Latin America (IDEAL); and Greener (a research and con-
sultancy company specialized in the photovoltaic solar energy sector). The
reports provided by these institutions present a large volume of data and in-
formation, this factor makes hard task of understanding the Brazilian photo-
voltaic market. Therefore, this paper purposes to present an overview about
the development of photovoltaic generation in Brazil, through of an unpub-
lished compilation and analysis of the data provided by the institutions pre-
viously cited. For this, initially the factors that contributed to the implemen-
tation and expansion of this sector are presented. Following, it is presented
the main resolutions for the implementation of distributed generation, as well
as organizations responsible for the standardization, operation, testing and
expected requirements for connection of renewable sources in the electrical
system. Quantitative data about energy installed, number of installations ap-
provals, distribution of installations by sector of society, number homologa-
tions by power range and cost distribution for the implementation of these
systems are provided. Finally, the incentive policies, credit lines and future
perspectives for the development of the photovoltaic sector in Brazil are pre-
sented.
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Photovoltaic Systems, Solar Power Generation, Solar Energy, Standardization,
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1. Introduction

Population growth and economic development have led to a significant increase
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in demand for electricity in recent decades [1]. Due to the territorial extension of
Brazil and the predominance of hydroelectric generation, it is necessary to use
long transmission lines to conduct electricity from the power plants to the major
consuming centers, causing considerable technical energy losses [2]. The instal-
lation of distributed generation systems would help to reduce these losses, help-
ing to alleviate the demand for electricity from the electricity grid, as well as re-
ducing investments in capacity increase of substations and transmission lines [3]
[4].

The Brazilian energy matrix is mainly composed of renewable sources of ener-
gy. Hydroelectric power plants account for 66.6% of the energy produced, how-
ever, they are strongly dependent on rainfall and in times of drought their gen-
eration capacity is reduced [5] [6]. The potential of hydraulic generation is much
higher if compared to that of a photovoltaic power plant. However, it requires
high initial investment and its construction extends for about several years,
while a photovoltaic power plant is implemented in a short time, usually less
than one year [5] [6].

Energy from the sun is the most abundant natural resource on Earth [7].
However, photovoltaic solar energy has the lowest installed capacity among the
renewable energy sources present in the Brazilian energy matrix [7]. Among the
factors that contribute to the expansion of photovoltaic generation, it can be
highlight the geographical location of Brazil, which has much of its territory be-
tween the Tropics of Cancer and Capricorn, a region that provides high rates of
incidence of solar radiation, including during the winter [8]. Another factor, it is
the absence of pollutant emissions during the operation of photovoltaic systems.
The environmental impacts of this type of energy are mainly related to the man-
ufacture of photovoltaic modules and their discard. These impacts compared to
emissions from thermal power plants are considered insignificant [6].

The costs of photovoltaic systems have dropped more than 100 times since
1950, value higher than the cost reduction of any other technology in this period
[9]. Over a long period, photovoltaic modules represented the largest share of
the total costs of photovoltaic systems [10]. However, the production cost of this
component has decreased significantly in the last years, so that the share of
modules in the total cost of photovoltaic systems is currently below 50% [6].
Reductions in the cost of photovoltaic modules are linked to improvements in
production processes and efficiency gains associated with the adoption of news
techniques to design photovoltaic cells. The investment costs of photovoltaic
systems vary widely and depend on many factors, such as: location, configura-
tion, type, and size of the system [6]. The lifetime of photovoltaic modules is
usually 25 years, and manufacturers that meet international quality standards
guarantee 80% of the nominal power of the module at the end of this period
[11]. In contrast, inverters usually have warranties of 5 to 10 years, and the ser-
vice life may extend slightly over this period [12].

The described scenario shows the main factors for the adoption of photovol-

taic power generation in Brazil. This form of generation began to be adopted in
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2012, mainly by residential consumers after the creation of legislation that regu-
lates microgeneration and the compensation of energy injected into the grid.
Several institutions, of public and private nature, develop research, issue reports,
and maintain a database regarding the generation of energy from different sources.
The main institutions that make these activities are: Brazilian Electricity Regula-
tory Agency (ANEEL); Energy Research Office (EPE); International Renewable
Energy Agency (IRENA); Institute for the Development of Alternative Energies
in Latin America (IDEAL); and Greener (a research and consultancy company
specialized in the photovoltaic solar energy sector). The information provided by
these institutions is quite complete; however, they are often not properly pre-
sented, in addition to mixing information from different sources and locations
in the world, factors that hinder the perception of the development of a source in
a specific location. Although they bring data from the past, present and future
projections, they hardly address the legislation and policies that contributed to
the expansion of the sector and that may impact on future development. To fill
this gap, this paper purposes aims to present an unprecedented overview of the
photovoltaic generation market in Brazil, presenting legislation, quantitative da-
ta, factors that have promoted adhesion and projections for photovoltaic genera-
tion in Brazil.

Following, Section 2 presents the Brazilian legislation on distributed genera-
tion. In Section 3 an overview of the Brazilian photovoltaic generation will be
presented. In Section 4, the incentive policies for photovoltaic power generation
will be presented. Section 5 presents the credit lines available for the implemen-
tation of photovoltaic systems. Section 6 presents the prospects for photovoltaic

generation. Finally, Section 7 will present the final considerations of the paper.

2. Legislation

Distributed Generation has two classifications: 1) microgeneration with installed
power lower than or equal to 75 kW; 2) Mini-generation with installed power
higher than 75 kW and lower than or equal to 3 MW for hydric sources, or 5
MW for other energy sources [13]. The laws that regulate distributed micro and
mini generation, promulgated by ANEEL (Brazilian Electricity Regulatory Agen-
cy), are Normative Resolution No. 482/2012 [14], Normative Resolution No.
517/2012 [15] and Normative Resolution No. 687/2015 [16].

There are three regulatory bodies governing the distributed generation in Bra-
zil: 1) ANEEL ensures the development of the electricity market and maintains
the balance among its agents; 2) ONS (National Electric System Operator) coor-
dinates the control of the operation of the electricity generation and transmis-
sion facilities of the SIN (National Interconnected System), under ANEEL’s su-
pervision and regulation; 3) CCEE (Chamber of Commercialization of Electric
Energy) enables the trading of electric energy in the Brazilian energy market
[17].

ANEEL defined the Distributed Generation in Brazil as power generating

plants, with installations connected directly to the SIN or through costumer in-
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stallations regulated by the ONS [18]. The energy compensation system, also
known as net metering, is the procedure adopted by Brazil, in which the energy
generated by the costumer is used to discount of the unity electricity consump-
tion [19].

Normative Resolution 482/2012 establishes standard, responsibilities, general
conditions, and constructive characteristics of the generator connection system
to the concessionaire’s distribution grid. As well as standardizing the construc-
tive characteristics of the connection point of the costumer unit, protection sys-
tem, and the photovoltaic inverter [19]. Normative Resolution No. 517/2012 sets
the rules for injecting surplus energy back into the grid in exchange for credits.

Regarding the specifications related to certification and standardization, it
stands out INMETRO (National Institute of Metrology, Quality and Technolo-
gy) and ABNT (Brazilian Association of Technical Standards). In 2011 January,
INMETRO published Ordinance 004, which deals with the “Conformity As-
sessment Requirements for Photovoltaic Systems and Equipment” [20]. Later, in
2012, it was established that all photovoltaic systems can only be marketed if
they meet the requirements presented in the 2011 publication.

ABNT already has the following rules regarding the photovoltaic system: 1)
ABNT NBR IEC 62116: 2012—Anti-islanding test procedure for photovoltaic
inverters connected to the grid; 2) ABNT NBR 16149: 2013—Photovoltaic (PV)
systems—Characteristics of the interface of connection to the distribution grid;
3) ABNT NBR 16150: 2013—Photovoltaic (PV) systems—Characteristics of the
connection interface to the distribution grid—Conformity test procedure; 4)
ABNT NBR 16274: 2014—Grid connected photovoltaic systems—Minimum re-
quirements for documentation, commissioning testing, inspection and perfor-

mance evaluation.

3. Brazilian Photovoltaic Generation Overview

The adequacy of the legislation regarding the distributed generation of electricity
was important for the development of this sector, which since 2015 has shown
significant growth in the number of installations directly connected to the dis-
tribution grid. Among all the sources of distributed generation in the country, it
stands out photovoltaic solar, with 63.5% [21] of the total installed capacity.
Figure 1 shows the four main sources of distributed generation and the expo-
nential growth in the photovoltaic sector, which increased over 4000% in 4
years.

Until 2018 the installed capacity of photovoltaic systems was approximately
2360 MW [21], with 562 MW of distributed generation and 1798 MW of Public
Service Centers (SP) and Self-Producers (APE), as shown in Figure 2. The in-
stalled capacity in photovoltaic generation in Brazil still has an exceptionally low
value compared to its energy potential. This is evident when comparing the po-
tential of Brazilian photovoltaic generation with other countries, such as Ger-
many, which has a territorial extension of the size of the state of Mato Grosso do
Sul and has an installed capacity of 45,932 MW [22].
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Figure 1. Distributed generation installed capacity in Brazil [21].
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Figure 2. Installed capacity of the photovoltaic sector in Brazil [21].

The choice of installing a photovoltaic system in edifications is more viable
when the utility tariff is more expensive and when the region’s annual irradia-
tion rate is high. Due to the continuous drop in prices of the photovoltaic sector
in recent years, its adoption throughout Brazil has increased sharply to the point
of exponential growth from 2016. Figure 3 shows the number of approvals of
photovoltaic systems connected to the grid, accounting for a total of 57,555 in-
stallations until 2018.

The Southeast has the highest number of approvals, with 38596 installations
corresponding to 46% of the total, followed by the South with 22,541 and 27%,
the Northeast with 11,430 and 13%, the Midwest with 9355 and 11%, and finally
North with 2228 installations and 3% of the total. One of the reasons for the dif-
ference in the number of installations among the regions of the country is due to
the location of the headquarters of the companies that provide services in this
sector. The region where companies generally start their activities and maintain
their headquarters is the Southeast (48.99%), followed by the South (26.19%)
[23]. Consequently, the two regions with the largest number of installations are
leaders in the photovoltaic sector. The Northeast region has 12.29% of the
headquarters, followed by the Midwest (10.71%) and finally the North (1.83%)
[23]. These indicators show that the highest generation potentials are in the
most populated regions of the country, places that may present lower irradia-
tion, however, have a larger number of households and, consequently, a larger
roof area [8].
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Figure 3. Number of photovoltaic installations by region of Brazil.

The Residential Tariff Class has 62,342 approved photovoltaic installations,
followed by the Commercial Tariff Class with 14,443, Rural with 4489, Industrial
with 2318 and finally the Public Sector (public lighting and public service) with
558 installations. The percentage distribution of installations by tariff class can
be seen in Figure 4. A strong increase of projects in the rural area has been seen
in recent years. In 2017, the installed capacity in rural projects was 9 MW; in
2018 increased to 47.2 MW; and by March 2019 it was already 60.3 MW. The
state with higher photovoltaic generation capacity in the Rural area is Minas
Gerais, followed by Rio Grande do Sul, Santa Catarina and Sdo Paulo [22].

Photovoltaic systems are classified into three power ranges: 1) small size, with
power from 0 to 12 kW; 2) medium sized, with power from 13 to 200 kW; 3)
large size, with power higher than 201 kW, [23]. Figure 5 shows the percentage
distribution of photovoltaic installations by power range. Most installations are
classified as small size, totaling 66,992 installations, with an average installed
power of 4.5 kW. In the medium size classification there are 14058 installations,
with an average power of 34 kW. Finally, in the large size classification there are
170 installations with 589 kW of average installed power.

The graphs presented in Figures 3-5 were created from an ANEEL database
entitled Distributed Generation, which contains data from all homologations of
consumer units of the photovoltaic type [24]. The bar chart contains informa-
tion from 2015 to 2018, while the pie charts cover information from June/2007
to June/2019.

The costs related to the installation of photovoltaic systems have remained
stable in recent years, that is, there have been no significant fluctuations in rela-
tion to component prices [25]. In Figure 6, it is possible to observe that the costs
of photovoltaic modules and frequency inverter represent approximately 2/3 of
the total investment, information from June/2018 [25]. The national average cost
of a photovoltaic installation (kit + integration) varies according to the segment
and installed power, a Residential installation of 4 kWp costs 1.08 U$/Wp, a
Commercial installation of 50 kWp costs 0.83 U$/Wp, while an Industrial in-
stallation of 1 MWp costs 0.70 U$/Wp [23]. The photovoltaic kit represents an
average of 67% of the total costs, while 33% is destined for integration (cables,

connectors, disconnectors, protection devices and fixation structure).
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Figure 6. Costs distribution of a photovoltaic installation [25].

4. Incentive Policies

The incentives to join the distributed generation are justified by the countless
benefits that are provided to the electrical system. In addition to diversifying the
energy matrix, it reduces investments in expanding transmission and distribu-
tion systems, relieves grid load, reduces transport losses, and reduces environ-
mental impacts. The cost of current generation (mainly from hydroelectric and
thermoelectric) remains one of the main bottlenecks to justify the expansion of
generation distributed in Brazil [26].

The Brazilian Federal Government changed Law No. 7689/1988 to Law No.
13169/2015, seeking to encourage consumers to join the compensation system.
Article 8 reduced to zero the PIS (Social Integration Program)/PASEP (Civil
Servant Patrimony Formation Program)/COFINS(Contribution to Social Secu-
rity Financing) contribution rates on the active electricity supplied by the dis-
tributor to the consumer unit, in the amount corresponding to the sum of the

active electricity injected into the distribution grid by the same consumer unit,
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with active energy credits originating in the consumer unit itself in the same
month, in previous months or in another consumer unit of the same holder,
under the terms of the Electricity Compensation System for micro and minige-
neration distributed, according to Normative Resolution No. 482/2012, [26]. The
National Council of Fiscal Policy (CONFAZ), through the ICMS (Tax on Circu-
lation of Goods and Services) Agreement 16, started in 2015 the authorizations
for the states to grant exemption from the ICMS [19].

ANEEL and Ideal Institute have tools to promote micro and mini generation.
ANEEL published the Thematic Books, as the “Mini and Microgeneration Dis-
tributed”, which aims to demonstrate and exemplify the mechanisms for gene-
rating and compensating the energy produced through a photovoltaic system.
The Ideal Institute grants the Solar Seal to companies or public institutions that
use a minimum percentage of solar energy, published the Guide for the photo-
voltaic microgenerator, provides a photovoltaic simulator to assist in the dimen-
sioning of the system, and maintains a Map of all companies in the photovoltaic
sector [17].

In 2015, the Ministry of Mines and Energy (MME) launched the Distributed
Electricity Generation Development Program (ProGD), created to encourage ac-
tions aimed at developing distributed renewable energy generation projects with
a primary focus on photovoltaic solar energy [27].

The National Development Bank (BNDES) created the Progressive Nationali-
zation Plan (PNP) to stimulate the development of a national production chain,
aimed at the production of equipment and components for the photovoltaic
area, thus avoiding the international monopoly of raw materials and guarantee-

ing the competitiveness of national industry [27].

5. Credit Lines

In 2017, the most used form of payment for the purchase of a photovoltaic sys-
tem was cash. However, due to the emergence of new lines of financing and
more attractive rates, in 2018 financing predominated. According to the IDEAL
Institute study, financing represented 38% of payment options, 32% in cash, 18%
in installments and the remaining 12% for other forms of payment [25].

Currently, several lines of financing for solar energy are offered in Brazil
through public and private banks. Many of these loans make it possible to pay
the installment with the savings obtained from the electricity bill, making the in-
stallation of photovoltaic systems more accessible to the population. Table 1
shows the most relevant credit lines for the solar sector, which offer greater ben-
efits for the residential tariff class [29].

Banco do Brazil offers a solar energy consortium, while the other banks offer
solar energy financing. Santander, Caixa Econémica Federal, BNDES Finame,
Banco do Brasil, Bradesco and Banco Votorantinserve all Brazilianstates. All
banks finance up to 100% of the investment, except Banco da Amazonia, which

offers up to 70%, considering the client’s size, location and guarantees offered.
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Table 1. Financing lines for photovoltaic generation.

. . L. Maximum
Financial Institution Interest Rate i Installments
Amount Financed

Banco do Nordeste 6.5% to 11% per annum Up toU$ 20,000.00  Up to 144 months
Santander 1.45% per month - Up to 36 months
Sicredi 1% to 3% per month - Up to 96 months

Caixa Econémica 1.40% to 1.85% per month Up toU$ 35,000.00  Up to 240 months

1.05%
BNDES Finame . 0, X - Up to 120 months
per annum + institution rate

1.14% to 3.27% + IPCA

Banco da Amazonia Up to R$ 30,000.00 Up to 96 months
per annum

Banco do Brasil 0.21% per annum Up to R$ 100,000.00  Up to 72 months

Bradesco 1.80% to 1.86% per month - Up to 60 months

Banco Votorantin 1.48% to 1.78% per month Up to R$ 100,000.00  Up to 60 months

Unicred CDI + 0.49% per annum - Up to 120 months

6. Future Perspectives

Photovoltaic generation in Brazil has the potential to reach an installed capacity
of 126 GWp by the year 2040. This value will represent the equivalent of 32% of
the Brazilian energy matrix, as shown in Figure 7. This sector will be driven
mainly by small photovoltaic plants, which correspond to 95% of the total [28].

A highest part of investments in large size photovoltaic plants (Public Service
Centers and Self-Producers) will be carried out before 2035. Small photovoltaic
systems, consisting mainly of installations in homes and businesses, will have
about US § 77 billion invested between 2020 and 2040, which will result in more
than 100 GW of installed capacity across the country [28].

The potential for solar generation in the country is over 28,500 GW only with
large size plants [27]. If the energy potential of solar generation is compared
with the installed power of the Itaipu Hydroelectric Power Plant (14,000 MW),
this represents only 0.05% of the installed capacity foreseen for Brazil. Distri-
buted generation systems have a potential of 164 GW. These data do not consid-
er regions with protected environmental areas, indigenous lands, quilombola
communities and permanent preservation areas [27].

Currently, all energy produced through distributed generation photovoltaic
systems can be discounted on consumers’ electricity bills. However, ANEEL has
proposed changes to normative resolution 482/2012, which have motivated dis-
cussions in the photovoltaic generation sector. ANEEL’s intention is to offset the
investments in infrastructure realized by energy distribution companies, through
fees and charges that must be charged for the use of the distribution grid.

To promote the debate on the proposed improvement to resolution 482/2012,
ANEEL put into public consultation the changes of the compensation system.

The new resolution provides for a transition period for changes in the rules, in
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Figure 7. Projection of the Brazilian electric matrix in 2040 [28].

which consumers who already have the photovoltaic system will remain with the
current rules in force until the year 2030. Consumers who realize the distributed
generation installation after the publication of the updated standard, they started
to pay the cost of using the energy distribution grid [30]. The period of contri-
butions to the public consultation ended on December 30, 2019. So far, the process
of updating the resolution is proceeding without due transparency, representing
an unknown for society as to the direction that the distributed generation sector
should take.

ANEEL argues that the maintenance of the current distributed generation mod-
el would generate extra costs of 11 billion dollars for the electricity system by
2035, reaching consumers who do not have a distributed generation system and
would need to pay the fees and charges [28]. The argument has been supported
by the Ministry of Economy. On the other hand, many companies and consum-
ers who invested in this type of energy claim that the taxation creates legal un-
certainty, since ANEEL promised predictability for 25 years and the investments

were long-term.

7. Conclusions

The photovoltaic micro and mini generation grew after several incentives given
by the government, together with the creation of Normative Resolution 482/2012,
which exempted from taxes the energy generated by the photovoltaic system and
injected into the distribution grid. Even with the rapid advancement of technol-
ogies for harnessing energy from the sun, photovoltaic generation has not yet
reached 1% of the energy matrix in any Brazilian state. Thus, distributed genera-
tion still has negligible impacts on the grid and on the distributors’ budget.

Photovoltaic solar energy started to stand out from the economic point of
view as of 2017, due to the creation of new companies throughout the national
territory. These companies faced the challenge of keeping prices competitive in
the market, thus reducing their profit margins, due to the increase dollar be-
tween the years 2018 and 2020, and because most of the equipment destined for
the photovoltaic market is imported.

The drop in the price of photovoltaic systems occurred mainly due to the in-
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crease in the manufacture of solar panels and technological advances in the
semiconductor industry, responsible for more than 60% of the total cost of the
installation, generating an increase in the yield and a decrease in the volume oc-
cupied by this equipment.

Consumers’ concern with the environment, seeking clean and renewable energy
sources, also contributed to the increased demand for photovoltaic systems. As-
sociated with this, the civil construction sector started to use solar panels inte-
grated to the architectural project, in addition to the generation of electric ener-
gy, seeking sustainable buildings with less ecological impact, such as the facades
of large buildings and parking coverage.

At this moment, the legislation about compensation for energy generated
through photovoltaic systems is being revised, indicating a reduction in benefits
for consumers connected to the distribution grid. Even so, most studies foresee a

significant increase in this sector for the next decades.
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