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ABSTRACT

In a world of ever growing interdependence, energy is increasingly becoming a
subject of international dispute, both on economic as well as political level.
Responding to this challenge, national and international decision-makers are seeking
new strategies to diversify the energy mix of their home countries and arrange for a
more sustainable production. Brazil has vast amounts of untapped renewable
resources with a number of advantages over developed countries. However, the role
that renewable energies plays in the Brazilian market is still quite small (except for
hydro power). Drawing from the German example, this paper aims to develop a
guideline for a Brazilian incentive program that encompasses the so far neglected
photovoltaic technology, and takes into account the country’s peculiarities. It
highlights the potential and advantages that Brazil might have regarding
gridconnected photovoltaic systems and makes a study of grid parity. This study was
developed trough scenarios that identify when, how and in which regions of the
country, photovoltaic generation would be competitive with conventional generation.
The grid parity study of photovoltaic technology in Brazil was compared to a similar
study developed in Europe. It showed, no matter the current cost of photovoltaic
technology, it can be competitive with conventional generation in 2020 at the

sunniest regions of Brazil, considering the worst scenario.
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INTRODUCTION

The search for diversification of energy resources in Brazil has become
extremely necessary due to two main factors.

The first is the current water situation that the country is going through, with
the scarcity of rain the generation situation through hydroelectric power plants has
being compromised. Since the significant reduction in rainfall, power generation by
hydroelectric plants has not been sufficient to supply the demand. Therefore, the
need to use thermoelectric power plants has caused the price of energy to increase.

The second, the exploitation of renewable energy resources that bring more
comfort, security, flexibility and sustainability. In this scenario, photovoltaic solar
energy presents itself as a technology in constant advance in Brazil and around the
world.

Through a bibliographical review, this article aims to present the principle of
the use of this energy, considering the equipment and materials applied to the
system, as well as the efficiency they can achieve. In addition, there is a broader
view of the use of sunlight to produce electricity through photovoltaic panels and the
applications of this technology in specific situations, such as installation on street
lights.

The use of photovoltaic energy is a reality that increasingly asserts in several
countries. In Brazil, the implementation of photovoltaic systems needs to reach a
high generation scale to reduce costs, because the tax is still high on the product.
There are several uses for a system that generates electricity through solar modules,
as in the battery bank and off and on grid systems.

Brazil is the most advanced country in South America, with respect to the
development of renewable energies. This is mainly due to the large size (8,514,877
km?), which corresponds to 47% of the South American area (NUPAC, 2007),
abundant natural sources and a favourable climate.

The country has excellent levels of solar radiation because it is located on a
latitude range in which the incidence of solar radiation is much higher than in the rest
of the world. This characteristic places the country at an advantage in relation to the
industrialized countries with regard to the use of photovoltaic solar energy (Pereira et
al., 2006).



On the other hand, an energetic change of the country has been growing
continuously. This generates overload in the network of large expansions, which
consequently entails high investments. Thus, the main priorities and objectives of
Brazil to encourage the use of renewable energy are:

. The use of local resources;

. The establishment of distributed generation in a country of continental
currencies;

. The establishment of a local industry;

. The contribution to a generation of new jobs;

. The diversification of the energy matrix;

. The aid may not be necessary on national demand, through the use of
a complementary source of energy;

. The contribution to the eradication of poverty, reinforcing or providing
energy in local communities;

. The reduction of social and environmental impacts from the deployment

of conventional energy sources.

THE GERMAN RENEWABLE ENERGY PROGRAM

The pricing system introduced with the 1991 law, and continuously updated by
law Renewable Energies Act of 2000 and the 2004 Renewal of Energy Sources
Amendment, is the key to the success of renewables in Germany. The German
mechanism is based on the obligation to buy from the network operator all the
electricity generated by renewable sources, paying at a premium rate that is distinct
for each technology. The funds raised through a double increase in the tariff of all
products are deposited in a fund used for Reward (in the form of premium rate) those
that need to be evaluated photovoltaic. In this case, the incentive is paid gradually,
as a premium per KWh over several years, allowing consumers to recover their
investments over a period of 10 to 12 years (HOLM, 2005). The objective of the
program is to facilitate the sustainable development of energy supply by controlling
global globalization, protecting the environment and in the list of renewable energies,

there is no consumption of at least double until the year 2010.



In 2004, there was an approximately 100% increase in photovoltaic energy
installed in Germany (NORDMANN, T., 2005), which at the end of 2005 was
approximately 1.5 GWp connected to the public electricity grid (IEA, 2006). Thus,
renewable energies are the key contribution to leasing business and investments in
the country. According to the Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety (2007), renewable energies in Germany
contributed 72.6 TWh to the final supply of electricity in 2006. Data published by IIC -
Invest in Eastern Germany 2006), indicate that in 2005 the German photovoltaic
industry had a turnover of US $ 3 billion and generated around 30 thousand jobs.
The photovoltaic market had a great growth, as it can be seen in Figure 1, mainly
from the year 2000, where the German government implemented the Feed-in-Tariff

and the Renewable Energy Sources Act.

BRAZILIAN INCENTIVE PROGRAM AND ITS ADVANTAGES IN RELATION TO
GERMANY

According to Holm and Arch (2005), the price system is the most
recommended mechanism to promote renewable energy not only in developed
countries, but especially in developing countries. Since the poorest countries have
basic needs to be met, it does not make sense to adopt a program of incentive to
renewables where the government has to enter with a high initial investment. The
advantage of the pricing system is that there is no such need for government
investment.

The proposal for a Brazilian program is similar to that used by the German
government, but would specifically contemplate photovoltaic technology. The
program would follow the strengths of the Renewable Energy Sources Act and adapt
the points that are not in accordance with the Brazilian reality. As in Brazil, there are
18 million residential consumers of income (EPE, 2018) the study of the principle that
only residential class consumers average in Brazil would be paying for the
photovoltaic energy incentive program.

Brazil has a number of advantages regarding the number of registrations in

photovoltaic technology and mechanisms to encourage renewable energies.



It can be verified that even in the most favored region of Germany, in terms of
solar radiation, presents approximately 1.4 times less radiation than the less sunny

region of Brazil.
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Figure 1. Solar irradiation - Brazil (a) / Solar irradiation - Germany (b). Annual average of the incident global
cleaning without horizontal plane. Sources: SALAMONI and RUTHER, 2007; GEOMODEL SOLAR.

If it is contrasted what consumes two countries (Tab.l), it can be observed
that even Brazil has a significant larger language, a country has an energy
consumption of approximately twice as much and a residential tariff approximately
30% more expensive than that of the Brazilian residential consumer. This causes
Germany to raise more funds, for the tariffs of energy channels than Brazil would

raise, in the case of an equivalent program.

BRAZIL

184 million
48.3 million
30.3 million

18 million

336 TWh / year
85 TWh / year




13.7 TWh/ year
71.3 TWh / year

€ 0.14 / KWh
2226-2300 kWh /
m?/ year

1642-1715 kWh /
m 2/ year

Tab. 1: Comparative data between Brazil and Germany.

N.A * = no data available

As shown in Figure 2, of the German residential tariff, 3% goes to the
Renewable Energy Sources Act. Therefore, Germany collected in 2017 only with
residential consumers about 8.8 billion euros, which were destined to renewable
energies. If this same percentage of 3% were applied to the tariff of middle-class

residential consumers in Brazil in 2017 (Fig.3), the country could raise 3 billion euros.
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Fig 2. Residential tariff in Germany (0.19€ / kwWh)
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Fig 3. Residential tariff in Brazil (0.14€ / kWh)



According to the above data, it can be seen that the same photovoltaic power
installed in Germany would have in Brazil an energy generation and a significantly
higher demand supply impact, since Brazil has higher solar radiation levels and an
energy demand approximately twice as low as Germany's. This leads to a lower

investment cost, for the same energy benefit generated in Germany.

CURRENT SITUATION OF PHOTOVOLTAIC ENERGY IN BRAZIL

According to the Solar Irradiation Atlas of Brazil (2017), in the Northeast,
where solar energy is more efficient, it is daily between 4.5 kWh / m2 and 6.3 kWh /
mZ in the country.

According to the official website of ANEEL - National Electric Energy Agency
(2015), Brazil has 3407 agents investing in the electric energy market, of which 249
are self-produced and 70 are public transport.

Regarding the incentives for the generation of energy, the content of Article 7
Il of Normative Resolution ANEEL3 n° 482/2012, states that "if the energy injected is
greater than that consumed, the excess energy will be equal to the difference
between the amount of energy injected and the amount of energy consumed ".

The resolution also informs about the invoice, which should show the positive
energy balance in kWh (kilowatt-hour) and the cost of adequacy of the metering
system, which is required by the energy compensation system, is the responsibility of
the company or person concerned, but the repairs and maintenance of the
equipment are the responsibility of the distributor. With Resolution ANEEL Regulation
482, the small producer can introduce the energy obtained by the renewable system,
but will not be remunerated. What happens after this generated surplus becomes
credits that expire in 60 months.

Several advantages are known for the use of this energy, such as reduction of
transmission and distribution losses and reduced value in transmission and
distribution line investments.

In the Brazilian map, the solar radiation lines were drawn in different colors.
These radiation rates and their respective colors are based on the Brazilian
solarimetric atlas (Fig. 1). As we can observe, there has been a significant growth in



the photovoltaic sector over the years, surpassing the perspectives of the most
incredulous Fig. 4).
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ENERGY TARIFF STRUCTURE CONVENTIONAL ELECTRICITY

The amount paid for electricity goes well beyond the purchase price of energy, it
is also paid for its availability 24 hours a day, seven days a week. The tariff should be
sufficient to cover the costs of operating and expanding the entire transmission and
distribution system, from where energy is generated to the final consumer.

In addition, there is compensation for losses and taxes levied by the government.
Briefly, the tariff is composed of five parts:

+ Costs with the acquisition of electric energy;

» Costs related to the use of the distribution system;

» Costs related to the use of the transmission system;

» Technical and non-technical losses;

* Miscellaneous charges and taxes.

B Charges and taxes
m Power purchase
m Distribution

Streaming

Fig. 5: ANEEL/ <http://www.aneel.gov.br/ranking-das-tarifas>.

Example:

Energy injected on 07/2018: 592 kWh

Energy consumed on 07/2018: 317 kWh

Excess energy: 592 - 317 = 275 kWh

Cost of Availability: 200 kwWh

Compensation Limit: 317 kWh - 100 kWh =217 kWh
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| - at least the amount referring to the cost of availability for the consumer of
group B or the demand contracted for the consumer of group A, as the case may be;
Energy compensated in the month 07/2018: 217 kWh.

It is important to note that credit compensation is limited to the consumption of
the month, discounting the cost of system availability.

Surplus energy that was transferred to beneficiaries = 275 kWh

The number of beneficiaries, as well as the percentage allocated to each one,
is defined by the owner of the consumer unit through the compensation form.

Energy that was transferred to beneficiary UC A (65%) = 275 x 0.65 = 178 kWh

Compensated energy in beneficiary UC A: 178 kWh (limited to the
consumption of the month, discounted the cost of system availability).

Energy that was transferred to beneficiary UC B (20%) = 275 x 0,20 = 55 kWh

Compensated energy in beneficiary UC B: 55 kWh (limited to the consumption
of the month, discounting the cost of system availability).

Energy that was transferred to beneficiary UC C (15%) = 275 x 0.15 = 41 kWh

Compensated energy in beneficiary UC C: 41 kWh (limited to the month's
consumption, discounting the cost of system availability)

For this example, consumption of 100 kWh was billed normally, with the
incidence of taxes due.

The consumption of 217 kWh was billed with differentiated taxation in
compliance with State Law No. 19,595 / 2018 and Federal Law No. 13,169 / 2015.

In addition, credits were launched in the invoice corresponding to the result of
the multiplication of 289 kWh by the tariff approved by Aneel, with increase of the
tariff flag.

217 kWh x R $ 0,507520 = R $ 110.13 of Injected Energy Credit, plus the Tariff Flag,

when applicable.



11

FINAL CONSIDERATIONS

Despite the enormous potential of energy generation through PV systems, its
presence is still not expressive in the Brazilian energy matrix. However, the amount
of energy produced is growing every year, driven by the normative updates that
encouraged distributed generation, such as the possibility of remote generation and
the increase in the validity of solar credits.

Brazil is a country rich in renewable energy sources and has the necessary
and sufficient conditions to establish a law to encourage distributed generation, in
particular to the generation of photovoltaic solar energy connected to the grid, like the
one established in Germany.

Although Brazil is a developing country, it presents a portion of consumers
with the possibility of assuming the costs of a considerable photovoltaic program.
Besides this factor, the energy demand of Brazil is significantly lower and the country
presents excellent levels of solar radiation. The sunniest region of Brazil is about 1.4

times more radiation than in the sunniest region of Germany.
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