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ABSTRACT

Renewable energy sources (RES) have received subsidies to be introduced in many
countries’ energy mix. In Brazil, after years of huge subsidies, there are major concerns
regarding market reliability and a fair price signal, which must be in line with the global
energy transition. In this scenario, RES are fundamental to achieve climate goals.
However, they have already achieved technology maturity and are the cheapest new build
capacity, so subsidies are no longer necessary to promote their expansion. Mechanisms
available such as Renewable Energy Certificates (RECs) are presented in this research
as an alternative to replace RES subsidies and to value their attributes. The objective of
this thesis is to analyze the impact of renewable sources subsidies on energy tariff and to
discuss alternatives to promote these sources sustainable attributes. From a qualitative
approach based on international experiences and a case study of one of the largest
distribution companies in Brazil, the author concludes that a replacement from subsidies

to certificates market may be on the right path to policy makers.

KEYWORDS: Brazilian electricity market; Energy transition; Greenhouse gases

emission; Renewable energy certificates; Renewable energy sources; Subsidies.



RESUMO

As Fontes de Energia Renovavel (FERs) receberam subsidios para promover sua
expansdo na matriz energética de muitos paises. No Brasil, ap6s anos com valores
enormes de subsidios, surgem outras preocupacdes como confiabilidade do mercado e
sinais de precos justos, que devem estar alinhadas a transicdo energética global. Neste
contexto, as FERs sdo fundamentais para o cumprimento dos compromissos climaticos.
Entretanto, elas j& atingiram a maturidade tecnolégica e séo as fontes mais baratas para
a introducdo de novos projetos de geracdo, dessa forma os subsidios ndo sdo mais
necessarios para promover a expansdo dessas fontes. Outros mecanismos como 0S
Certificados de Energia Renovavel (CERSs) sédo apresentados nessa pesquisa como uma
alternativa para a substituicdo dos subsidios destinados as fontes de energia renovavel
e para valorizar os seus atributos ambientais. Através de uma abordagem qualitativa
baseada em experiéncias internacionais e um estudo de caso de uma das maiores
distribuidoras de energia do Brasil, o autor conclui que a substituicdo dos subsidios para
o mercado de certificados pode ser o caminho certo para os formuladores de politicas.

PALAVRAS-CHAVE: Mercado de eletricidade brasileiro; Transicdo energética; Emissao de
gases de efeito estufa; Certificados de energia renovavel; Fontes de energia renovavel;

Subsidios.
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1 INTRODUCTION

1.1 INITIAL CONSIDERATIONS AND MOTIVATIONS

Brazilian electricity market had two major reforms in the past three decades. As
many other countries who started the process of liberalization in the 1990’s, Brazilian first
reform was done in mid90s, with the main object of liberalizing the market and to promote
private investment in a complex sector (DAGLISH et al.,, 2021). A study from the
Organization for Economic Co-operation and Development (OECD) (2005), evaluated the
benefits of market liberalization in several regulated sectors and the results demonstrated
an annual benefit of 1% to 3% of USA GDP and 2% to 3.5% of European Union GDP
associated with markets liberalization INTERNATIONAL ENERGY AGENCY, 2005).

The second reform was dated from 2004, as consequence of the 20% electricity
rationing in 2001-02. Both reforms aimed to attract investments in new capacity to the
sector to increase supply security. The former created ANEEL (Brazilian acronym of
Regulatory Electricity Agency) and ONS (Brazilian acronym for Electric System National
Operator), and the latter CCEE (Brazilian acronym of Chamber of Commercialization of
Electric Power), and EPE (Brazilian acronym for Energy Research Office), and also
introduced a centralized forward market for utilities by procurement long-term electricity
auctions to attend their demand.

Daglish et al. (2021) concluded that this movement added more volatile prices to
regulated contracting environment and prices in periods of crises higher than pre-reform
period. Thus, it is better for consumers a market-based system, without a centralized
figure, in order to mitigate long term periods of volatility and prices increase.

Arguments pro the centralized auction model point out that in terms of tariff
accessibility, it is considered the lowest cost. The model is used to purchase electricity to
attend distributors’ consumers, and it reduces the costs of electricity that are passed on
to consumers (FERREIRA; OLIVEIRA; SOUZA, 2015).

However, since 2017, a third reform attempt, called by the Government of Brazil

(GoB) as the electricity sector modernization has been under discussion. There are big
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concerns that led to these improvements needs, such as market reliability and fair price
signal (MME, 2017).

This decision follows best practices of international cooperation efforts towards a
clean energy future, whose first multilateral agreement regarding GHG reduction was the
Kyoto Protocol, signed in 1997 during the year of Conference of Parties (COP). In this
agreement, mandatory rules to reduce CO2 emissions were established for each country
member who had signed the protocol. Goals were settled considering each country
development level, where developed countries, listed on the Annex | of the Protocol, had
mandatory goals established in average of 6% reduction based on 1990’s GHG emissions
level, to be achieved between 2008 and 2012. The goal was different for each country
(KURIYAMA; ABE, 2018; UNFCCC, 1998). The development countries had no mandatory
reduction goal, therefore, if they could reduce emission deliberately, they could trade
carbon credits.

Besides, in 2015, a new multilateral agreement was achieved - Paris COP, where
it was discussed global warm due to GHG emissions. In this COP, it was agreed that the
temperature could not increase more than 2°C compared to pre-industrial levels.
Therefore, the goal evolved from carbon emissions to temperature growth. Hence, it
wasn’t established countries’ individual goals and the certifications became
noncompulsory (UNFCCC, 2016).

Brazil had sanctioned the agreement on September 2016, compromising with
procedures to reduce GHG emissions. It was defined a National Determined Contribution
(NDC) to reduce emissions in 37% up to 2025 and 43% up to 2030, considering 2005
emissions. Thus, emissions cap for these years are 1.300 MtCO2 and 1.200 MtCOg,
respectively (RATHMANN et al., 2017). However, regarding only the electricity market,
according to the GoB energy long term plan, called Ten Year Energy Plan (PDE 2031 in
Brazilian acronym), there is a forecast of an increase of more than 20% in GHG emissions
in the production, transformation, and use of energy by the electricity sector (EPE, 2022a).

Brazilian electricity grid is interconnected by a transmission network, which
connects all the regions of the country, the National Interconnected System - NIS (ONS,
[20227]). Due to the interconnection, electricity that is injected on network is not traceable,

in other words, the generator injects electricity on transmission point, and it is not possible
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ascertain where it is being consumed. There is a separation between power agreements
and operation framework. Moreover, there is a voluntary market of renewable
certifications, which may be used to solve the information asymmetry issue in electricity
markets, considered market failures (HULSHOF; JEPMA; MULDER, 2019).

Global electricity sector has been pressed to be updated in regulatory, commercial,
and operational affairs. This fact is related to electricity industry be conditioned to
technological and socio-environmental factors that affect current business models.

In 2020, through the publication of a provisory act, converted into law 14.120, the
GoB established a deadline to define guidelines to consider environmental benefits
related to low Greenhouse Gases (GHG) emissions in energy sector, towards Paris
agreement targets. This mechanism would bring additional revenue to renewable energy
generators, besides the Renewable Energy Certificates (RECs) which are already
voluntarily traded (MME, 2019; BRASIL, 2020).

Those guidelines were established in decree 11.075, published on May 19" 2022.
It defined the procedures to create Climate Change Mitigation Sector Plans and created
the GHG Emission Reduction National System (SINARE in Brazilian acronym). The
Climate Change Mitigation Sector Plans shall set the goals towards anthropic emissions
reduction and GHG removal, with the objective of achieving NDC’s target. Those goals
must be measurable, checkable, and consider each sector specificity. They will be
monitored through the GHG inventory of sectoral agents.

It also defined the Emission Reduction Brazilian Market as an environmental
management mechanism to reach emission reduction commitments through the use and
transaction of certified credits of emission reduction.

The GHG Emission Reduction National System will be a digital tool operationalized
by the Ministry of Environment. It was created with the objective of being a single
registration center of GHG emissions, removal, reduction, and compensation and of
trading, transferences, transactions and retirement of emission reduction certified credits.
The SINARE will also have the mechanism of integration with international regulated
markets. Emissions reduction and removal additional to the sector goals will be

recognized as certified credits if they meet the System'’s certification standard.
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GoB has been doing many policies and incentives to promote renewable energy in
line with global initiatives to mitigate GHG emissions. These actions together with
technology progress have made renewable sources increasingly competitive. However,
one of the main themes in the modernization of the Brazilian electricity sector has been
the reduction of subsidies, since such subsidies are so high that became a burden to
consumers and are no longer necessary to promote new renewable power plants as
presented by EPE (2021). The third reform attempt begun to put an end date to one of the
biggest subsidies (applied on transmission and distribution costs) and a schedule to
reduce subsidies to small renewable projects.

Subsidies are used by governments to correct either market failures or to achieve
policy goals or social goals. Some examples, it may determine that consumers with low
incomes may not pay for electricity; subsidies to emerging technologies, such was wind
and solar power in the beginning of the century when they had higher costs than non-
renewable sources. This kind of subsidy should be temporary and totally withdrawn as the

technology becomes well known and its prices goes down (TAYLOR, 2020).

1.2 OBJECTIVES AND RESEARCH QUESTION

In Brazil, with the Modernization of the Electricity Sector reform attempt, some initial
measures were taken, the transmission costs subsidies have already been withdrawn
from projects that enter into commercial operation from March 2026 on (Law
14.120/2021), and subsidies to small projects (MMGD) were kept fully for requests made
until January 2023 and will last until 2045. Consequently, as there are still significant
subsidies, major concerns regarding market reliability and a fair price signal are under
discussion yet, which must be in line with global energy transition. Even though these
sources do not need subsidies for their economic viability, there is still a public interest in
privileging renewable sources, however, by using market mechanisms, such as the trade
of clean energy certificates. There is already a voluntary certification market, but it is not
mature enough.

All'in all, this thesis seeks to answer the following questions: is the replacement of

renewable energy subsidies for certificates market a step in the right direction?
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The main hypothesis is that subsidies for renewable energy sources (RES) in Brazil
have had a high impact on consumers tariff and just one of them, regarding transmission
costs, was withdrawn long after they were no longer needed. In 2022 those subsidies
reached around USD 1.6 billion. Distribution generation have received USD 0.6 billion in
2022 (ANEEL, [2023]b) . On the other hand, it is necessary to address climate issues on
energy market and to spur RES growth to achieve NDCs.

Subsidies for incentivized sources were withdrawn by enactment of law 14.120 in
March 2021. However, the law established a deadline of 12 months for new renewable
generation projects to keep the benefits for the period of the grant. This deadline caused
a race for grants request and by the end of 2022, there was an additional request capacity
of 41 GW in grants under the former rules to receive subsidies. This volume of requests
used up all the transmission capacity (ONS, 2022). Besides, with this volume of grants,
subsidies will increase in next years and will only be completely removed from consumer’s
tariff by 2050.

Distribution Generation subsidies have also begun to be withdrawn, by the
enactment of Law 14.300 in January 2022. This law also gave a deadline of twelve months
for new projects to keep receiving subsidies for the period of the grant, so requests made
until January 2023. This deadline has also caused a race of project grant requests, with
an additional capacity of around 32.3 GW only between October 2022 and January 2023,
with an estimative of additional USD 51.2 billion in subsidies (SALOMAO, 2023). However,
even for requests after this period, those generators will have the subsidies withdrawn
partially up to 2028. Only after 2029, requests for this kind of project will not receive any
subsidy (BRASIL, 2022). Thus, the main objective of this research is to analyze the impact
of renewable sources subsidies on electricity tariff and to discuss alternatives to replace
them to market mechanisms, because politically it is an arduous task to simply eliminate
them, and also because those are preferred sources.

To achieve the main objective, this research has two secondary goals, study
subsidies and certificates policies around the world, and study carbon markets and how

their experiences can be applied to certificates markets in Brazil.
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1.3 METHODS

This thesis aims to study RES Subsidies and Renewable Energy Certificates
Markets in Brazil through a theoretical qualitative analysis of international and local
indicators, based on a literature review of how those mechanisms were applied around
the world. Afterwards, it was studied Brazilian Electricity Market and its regulation used to
spur RES in its electricity mix.

Finally, the author presents a case study of the renewable energy subsidies
impacts on the tariff of one of the largest distribution companies in Brazil, with the main
objective of quantifying the costs that are transferred to consumers, causing an
imbalance.

This research uses data and information collected from public reports from sector
institutions as the Brazilian Regulatory Agency (ANEEL in Brazilian acronym), the Energy
Research Office (EPE in Brazilian acronym), the Ministry of Mine and Energy (MME in
Brazilian acronym), the Chamber of Commercialization of Electric Power (CCEE in
Brazilian acronym), the Ministry of Science, Technology, Innovation and Communication
(MCTIC in Brazilian acronym), among others. In addition, this research does a literature

review based on articles, books and other studies that addresses this subject.

1.4 DISSERTATION STRUCTURE

This thesis is divided in 7 chapters. Chapter 1 - Introduction, is the introduction of
the thesis’'s theme, explaining the motivations for this research, the objectives and
research question and the methods used, finally the thesis structure is presented in this
part.

Chapter 2 — “Environmental Agreements and Indicators” presents domestic and
global GHG emissions’ indicators and the projections for futures years. In this chapter it
is presented Brazilian’s NDC targets for 2025 and 2030 and the initiatives to achieve these
goals. Furthermore, a historic comparison among other markets and Brazil. In this chapter,
mandatory and voluntary carbon prices history are studied.
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Chapter 3 — “Brazilian Energy Market” presents Brazilian electricity regulatory
framework and the free market evolution, the electricity mix advancement and projections,
and RES historic prices. This chapter shows that RES became relevant in the Brazilian
electricity mix in the past years, and their prices became the cheapest for new-build
capacity. Auction data is presented to reveal RES prices progress in Brazil and in the
world.

In Chapter 4 — “Analysis of Renewable Energy Subsidies”, international experience
for the introduction and the removal of subsidies is presented. In this chapter, initiatives
to fund sustainable project are presented, for Brazil and International initiatives. The
chapter analyses Brazilian RES subsidies and their regulatory framework. A calculation
of the impact of the subsidies from incentivized sources and MMDG on a consumer bill is
simulated. In this section, there is a forecast of subsidies considering recent requests.

In Chapter 5 — “Renewable Energy Consumption Verification”, the Renewable
Energy Certificates is approached, with mandatory and voluntary markets around the
world and in Brazil. There are sections of this chapter that explains why the certificates
are used in voluntary markets, such it is Brazil, and some international private initiatives
that demands them. The chapter also presents a study that compared companies that use
renewable energy in their consumption with their peers that do not claim for RES use.

Chapter 6 — “Incentivized Sources Subsidies Calculation” is a case study of one of
the largest distribution companies in Brazil, Enel SP. First, Brazilian tariff's composition is
explained. Then, the chapter presents a calculation of subsidies impact on energy tariff of
residential consumers connected to this distribution company network.

Finally, Chapter 7 — “Conclusions” presents final considerations of this thesis and

its contribution to the subject of the study.
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2 ENVIRONMENTAL AGREEMENTS AND INDICATORS

The objective of this chapter is to collect government indicators for international
and Brazilian GHG emissions. Emissions history and projections based on the ten-year
energy plan elaborated by EPE are presented. Although national emissions are lower than
other countries, Brazil has a plan to mitigate emission and accomplish its NDC, that

includes the adoption of a carbon price scenario.

2.1 DOMESTIC MARKET INDICATORS

The project “Options to mitigate greenhouse gases in key-sectors of Brazil”, an
initiative from MCTIC, has the objective to promote efforts to mitigate GHG emissions on
key economy sectors, such as industry, transports, energy, and others. The initiative is
supported by Global Environment Facility (GEF), which provides resources and has a
partnership with the United Nations Program for the Environments (MCT], [20--]).

This project has a methodology to forecast energy consumption up to 2050 and,
based on this projection, it is possible to estimate GHG emission in this time frame. This
estimative methodology is called bottom-up, where the supply is projected based on
demand. Demand is estimated according to each sector projections and their energy
intensity. Besides, this model considers political factors, technology changes, GDP, and
S0 on, not only a past continuity. Then, some optimization models are used to project
supply at the least cost with those data, considering other factors like GHG emissions
reduction (MCTI, [20--]).

This initiative projects three scenarios: reference, low carbon, and low carbon with
innovation. For low carbon scenarios (LC), the best available technologies to reduce
emissions were considered, and then, different levels of carbon price were adopted: O,
10, 25, 50 and 100 dollars per equivalent carbon dioxide tons (US$/tCO2e) (RATHMANN
et al., 2017).

According to MCTIC, a LCO scenario (low carbon with carbon price equal to zero)
may be used to accomplish NDC’s target for 2025, whose total cost of mitigation measures
is reaching USD 1.7 billion. On the other hand, to achieve NDC'’s target for 2030, it will be
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necessary to adopt the LC10 scenario, where mitigation measures should include other
sectors, totalizing USD 11.1 billion costs (see table 1). The main mitigation actions are
energy efficiency, coal thermal plants replacement to biomass, hydro power plants
repowering, the use of energy from solid urban waste and of effluent treatment plants to
produce biomethane and electricity, among others (RATHMANN et al., 2017).

Table 1 - CO2 mitigation targets

_ _ Mitigation Mitigation
Target Scenari Carbon Price _
NDC Measures Potential
(MtCO2) 0 (USD/tCO2e)
Cost (MtCO2e)
2025 1300 LCO 0 1.7 bi 55.3
2030 1200 LC10 10 11.1 bi 239.8

Source: the author, based on RATHMANN et al. (2017)

Furthermore, according to EPE (2020), CO2 emissions in Brazilian electricity mix
had little change from 2018 to 2019 and there is a tiny reduction in 2020. There is an
expectation that there will be an increase close to 22% in the next 10 years (see figures 1
and 2). The share of emissions in each sector is almost the same in the next 10 years. It
seems that basically all sectors might be increased by that ratio, and it is important to
adopt mitigation measures in all the sectors.

Between 2000 and 2021, average annual ratio of emissions growth was of around
2.1%. The projection for the period between 2021 and 2031 is an increase of 1.7% per

year.
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2.2 GLOBAL EMISSION INDICATORS

Figure 3 shows GHG emissions progress on energy sector in Brazil, United States,
European Union and Worldwide. Global emissions had increased approximately 58%
from 1990 to 2015, according to International Energy Agency (IEA, [20217?]). The United
States presented emissions growth between 1990 to 2000, then since 2005 emissions
level began to fall. On the other hand, European Union countries had a downtrend in most
of the analyzed periods, comparing the years of 1990 and 2015, there is a reduction of
about 20% on total emissions.

Figure 3 - GHG Emission

GHG Emissions (MtCO2e)
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Others 11.507 12.276 13.439 17.131 21.231 23.837
European Union 4.024 3.812 3.786 3.923 3.613 3.216
USA 4.804 5.074 5.729 5.704 5.352 4.928
m Brazil 187 225 286 316 375 449
World 20.522 21.387 23.240 27.074 30.571 32.430

Source: the author, data from EPE (2020); IEA ([20217]); RATHMANN et al. (2017)

Emissions level per megawatt-hour of generated electricity in Brazil is about
seven times lower than in China, four times lower than in United States and a third of
European Union’s level (see figure 4). In 2021, Brazilian electricity mix emitted 126 kg
CO2 -eqg/MWh. There was an increase compared to previous years because of low

reservoirs levels due to drought, so there was more thermoelectric dispatch (EPE, 2022b).
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In 2022, due to the increase on RES production, average emissions dropped to 43 kg CO2
-eqg/MWh, which was the lowest in the past ten years (see figure 5) (MCTI, 2023).

Figure 4 - Electricity generation emissions in 2019: kgCO2 emitted per MWh generated
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Soares (2020) compared the goals of Renewable Energy share in Brazil with other
countries under the Paris Agreement. It was evaluated the share of those sources in each
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country electricity mix in 2013/2014 and their goals up to 2030. In this analysis, Brazil will
still have the share of renewables greater than other countries, except Norway (see table
2).

Soares (2020) suggests that for reaching Brazil's goal of renewable increase in its
energy mix, there is a forecast of structural changes on the electricity sector. Although
there is no consensus about that, since many authors points that Brazilian energy mix has
a high share of renewables already and the increase of renewables will have a low
contribution in achieving the targets. However, RES considered variable such as wind
power and solar plants will have its share increased, making the system more complex to
operate, since they are non-dispatchable. Another issue is the reduction of water
reservoirs. These issues will contribute to a more volatile system in the production of

electricity.

Table 2 — Goal of Renewable Energy Share on final energy in selected countries

Country Share in Goal
2013/2014 2020 2030 2040 2050
UE-28 16.0% 20.0% 27%
Germany 13.8% 18.0% 30% 45% 60%
Brazil 39.4% 45%
California 33%
China 11.1% 20%
Spain 16.2% 20.8%
Portugal 27.0% 31.0% 40%
Norway 69.2% 67.2%

Source: adapted from Soares (2020)

Glasgow Climate Pact reaffirmed the Paris Agreement temperature goal and
recognized that to limit temperature increase to less than 1.5°C, it will be necessary to
reduce GHG emissions by 45 per cent by 2030 regarding the 2010 levels and to net zero
until 2050. It also demonstrated with serious concerns that the Parties NDCs are
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implicating in an increase of 13.7 per cent above 2010 levels (see table 3) (UNFCCC,
2022a).

Table 3 — NDC’s update

Estimate in gigatons of
o Change compared to
carbon dioxide
) 2010, on average (%)
equivalent (Gt COzeq)

Total global GHG emissions (without

LULUCF) in 2030 53.8 (50.8-56.9) +13.7
Total GHG emissions in 2030 for the 151

Parties that communicated new or updated 40.4 (38.5-42.2) +5.9
NDCs

Total GHG emissions in 2030 for the 74

Parties with long-term mitigation visions, 29.7 (29.0 to 30.4) -5.2

strategies, and targets

Source: UNFCCC (2021)

In figure 6, it is possible to understand that current declared NDCs are far from the
target of keeping temperature up to 2°C above pre-industrial level. To reach this goal,
GHG emissions should have a steeper drop.

The most recent report from The Intergovernmental Panel on Climate Change
(IPCC), the Sixth Assessment Report (AR6) alarms that actions that have been done
towards addressing climate change issues and current plans are not enough to avoid
temperature growth. Currently, global warming has reached 1.1°C above pre-industrial
levels, considering the usage of fossil fuels, non-renewable energy and land use. The
world is experiencing climate disasters as extreme weather events everywhere (IPCC,
2023).

The report highlights that measures to reduce GHG emission need to be
accelerated and need to be cut by almost 50% by 2030. Policy makers and private
investors must work together to fund low carbon technologies and projects. Although
many adaptation measures had been taken, financial flows for them are not enough,

mainly in developing countries (IPCC, 2023).
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Considering NDCs announced by October 2021, emissions in 2030 will make it
difficult to limit global warming under 2°C. Evaluating the policies to reach the NDCs, there

are gaps between them, as demonstrated on figure 7 (IPCC, 2023).

# GHG emissions (GICO;-eqfyr)

Figure 6 — GHG Emissions Forecast considering NDCs and targets
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Figure 7 — Global emissions scenarios

Projected global GHG emissions from NDCs announced prior to
COP26 would make it likely that warming will exceed 1.5°C and
also make it harder after 2030 to limit warming to below 2°C
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2.3 CARBON MARKETS

Carbon prices may be used to increase profitability of low carbon projects. They
are useful in a scenario whose costs to reduce emissions are positive. When costs to
reduce emissions are negative, other policies may be more effective, like reducing
information asymmetry and others. An environment with emissions reduction costs is
extremally high, carbon prices may be used with other policies. In other words, carbon
price is a tool to be used in a wider set of policies (EPE, 2020c).

The Kyoto Protocol was the first global boundary for the creation of carbon markets.
Three mechanisms were created so Annex | countries could reach their targets:
International Emissions Trading (IET), an Emission Trading System (ETS) that allows
emitters to trade their emissions units; Joint Implementation (JI) and Clean Development
Mechanism (CDM), offset mechanisms where Annex | Parties could join low-carbon
projects and get credits for it, the last one was the most used offset mechanism, with the
largest number of countries.

CDM emitted Certified Emission Reductions (CER) and JI Emission Reduction
Units (ERU). Peak price of CER was achieved between 2007 and 2008, at USD 35/tCOze
(figure 8). By 2012, demand for those certificates began to saturate, and prices went
significantly down.

It reached USD 90 billion in GHG emission reduction projects in developing
countries by 2014. In 2015, Paris Agreement took place with noncompulsory goals.
Carbon markets switched from mandatory to voluntary (THE WORLD BANK, [20227]).
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Figure 8 — Carbon offset issuance and prices
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On the Paris Agreement, it was established that the Parties, countries who had
committed to the Agreement, should take actions to hold global average temperature
increase under 2 °C above pre-industrial levels and to make the best efforts to keep this
increase under 1.5 °C above pre-industrial levels. This is an important target to reduce
the risks of the climate change. The Parties should define and communicate their NDC
towards this target.

In the Article 6 of the Agreement, it was defined that countries could pursue
reductions of GHG emissions more ambitious than what was declared on their NDCs. The
countries that can reduce more than their NDC, could voluntarily transfer their mitigation
outcomes to other countries, avoiding that the emissions’ reductions are double counted
on both NDCs. It was also established that the COP should designate a body to supervise
this voluntary emissions trading mechanism. This mitigation mechanism should aim the
promotion of global emissions mitigation and incentivize the contribution of public and
private initiative (UNFCCC, 2016). The first meeting of the Supervisory Body for this

mechanism took place on July 2022 in Germany.



28

The rules, modalities and procedures for this mechanism were adopted in
Glasgow, the third session of the meeting of the Parties to the Paris Agreement (CMA). It
was defined that companies could trade their emissions’ reductions to other companies
located in other countries. A company that buys those credits could claim them as their
own emission reduction to meet their obligations or to achieve net zero targets (UNFCCC,
2022b).

In 2021, Voluntary Carbon Markets (VCM) have grown faster global wise as they
are more aligned with governments and private sector now that the rules of Article 6 of
the Paris Agreement have been settled. VCM has achieved the mark of USD 2 billion,
with near 500 million credits traded (see figure 9). Besides the number of credits issued,
prices also went up from 2020 to 2021, around 60%, which added more value to this
market. Figure 10 compares prices from 2020 and 2021 by each category. Global
weighted average price went from USD 2.52/tCO2e in 2020 to USD 4.00/tCo2e in 2021.
Renewable energy was the second biggest market, with a volume of 211.4 million credits
and a value of USD 479.1 million (FOREST TRENDS ASSOCIATION, 2022).

Figure 9 — Voluntary Carbon Market Size by Value of Traded Carbon Credits
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Source: Forest Trends Association (2022)



Figure 10 — Voluntary Carbon Market Transaction Volumes, Prices, and Values by Category

2020 2021
VOLUME PRICE VALUE VOLUME PRICE VALUE
(MtCco2e) (UsD) (usb) (MtCO2e) (usp) (UsD)

FORESTRY AND LAND USE $315.4M $1,327.5M

RENEWABLE ENERGY $101.5M $479.1M

CHEMICAL PROCESSES |
INDUSTRIAL MANUFACTURING - $3.9M $53.9M

WASTE DISPOSAL $22.8M $41.2M

ENERGY EFFICIENCY |

FUEL SWTICHING $30.4M $21.9M

HOUSEHOLD /| COMMUNITY
DEVICES : $36.2M : $43.3M

TRANSPORTATION . $0.7TM - $6.3M

AGRICULTURE 8 $4.TM 2 $8.7TM

Source: Forest Trends Association (2022)
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3 BRAZILIAN ELECTRICITY MARKET

In this chapter, the progression of renewable energy sources in Brazilian electricity
mix and the projection of new capacity added for those sources are demonstrated. The
main objective is to understand the share of those sources on electricity mix and the
importance of them for the future. In section 3.2, historic prices of those sources are
analyzed using two methodologies, procurement auction prices and LCOE, a comparison

with world data is presented.

3.1 REGULATORY FRAMEWORK

The concept of regulation emerged in Brazil with the state reforms, when state
companies began to be privatized. Then, private companies’ activity needed to be
regulated (LEAL; REGO, 2019).

In the past, it was common that electricity companies have verticalized operations,
owing the generation, transmission, and distribution. Those companies were responsible
for market growth, since they could attract investments because the risk of investing in
them was low, and they could transfer the costs to consumers through regulated tariffs.
The tariff increases were approved so that the return-on-investment rate was appealing
(IEA, 2016).

Energy markets’ liberalization was deployed, or at least considered, in International
Energy Agency (IEA) member countries, with the objective of having markets with
accessible prices, less environmental impacts and reliable access (IEA, 2017).

The liberalization usually begins with generation and transmission companies, with
the main goal of opening completely the market for small business and residential
consumers, whose benefits are being able to select their own supplier and to have more
flexibility of consumption in peak (BARTON, 2000). To be able of capturing even more
benefits, it is necessary to put together technology and consumption. For example, the
consumer could turn off some equipment, such as heaters, when prices are higher.
Besides, the use of technology makes easier to change suppliers, adding more

competitiveness to the market.
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The Electricity Free Market in Brazil began with the enacting of Law n° 9,074, from
1995, which authorized free consumers, that fulfilled all the established requirements, to
select their own electricity supplier. However, the law remained only on paper until 1999,
when the first consumers accessed the free market. Since then, Brazilian electricity sector
has been changing to meet the significative market players growth (ROCKMANN, 2019).

During the 1990s, the project of restructuring the Brazilian electricity sector (called
RE-SEB in Brazilian acronym) began, aiming to attract private investments so the sector
could expand the generation park offer and spur opening the deregulated market to
consumers, increasing competitiveness (ROCKMANN, 2019).

With the reform, there was the creation of many institutions. In 1997, the Brazilian
Regulatory Agency (ANEEL in Brazilian acronym) was created, whose responsibilities
were to regulate and to supervise the generation, transmission, distribution, and
commercialization. Moreover, the creation of a regulatory agency was crucial to attract
private investments because there was an expectation that it would reduce regulatory
risks (PARENTE et al., 2007).

In 1998, Law n° 9,648 established that the sector growth would be borne by private
capital, through the auctions. It also created the Electric System National Operator (ONS
in Brazilian acronym). It was the milestone of the unbundling process for the activities of
generation, transmission, and distribution, ensuring the access to distribution and
transmission to players that would choose the free market (ROCKMANN, 2019).

The market should be self-regulated, so the Energy Wholesale Market (MAE in
Brazilian acronym) was constituted in 1999, its rules were ratified by ANEEL in 2000 [10].
In 2004, the Chamber of Commercialization of Electric Power (CCEE in Brazilian
acronym) was created to replace MAE. In that same year, the Electric Sector Monitoring
Committee (CMSE in Brazilian acronym) and the Energy Research Office (EPE in
Brazilian acronym) were instituted, the first one is responsible for electricity supply safety,
while the second one has the main responsibility of sector long term planning (CCEE,
2020).
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3.1.1Free market evolution

Currently, consumers connected in high voltage may access the free market
depending on the contracted demand. That is, they can choose their electricity supplier.
These consumers must have more than 500 kW of contracted demand or a group of units
from the same economic group or sharing a physical area, whose contracted demand
summed is more than 500 kW.

However, there is a group of consumers that must buy electricity from renewable
sources to access the free market, so called “incentivized sources” (MME, 2019). This
group is defined according to the consumers’ demand, and it is defined as those with less
than 500 kW of demand.

To spur the deregulated market expansion, it was important to update the rules so
that consumers may choose from any generation source, incentivized or conventional,
and therefore, to extinguish this obligation (MME, 2017). This subject began to be
discussed in a public hearing in 2019, whose proposal were to reduce gradually the
contracted demand limits.

This limit has already been changing over the years. Until 2019, consumers with
more than 3 MW and voltage above 69kV could choose their supplier of any kind of
source. After 2019, the voltage restriction was withdrawn. The demand restriction has
been reduced in the past year, as shown in Figure 11 (MME, 2019). The types of electricity

and consumers are described on table 4.

Figure 11 — Contracted demand limit reduction schedule
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Source: the author, data from MME (2019)
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Table 4 — Electricity Products and Consumers

Electricity Products Description

Only Free Consumers may acquire this kind
Not Special Conventional of electricity and it does not have a discount
on transmission or distribution tariff
All consumers may acquire this type of
Special Conventional electricity and it does not have a discount on
transmission or distribution tariff
All consumers may acquire this type of
Special Incentivized electricity and it have a discount on
transmission or distribution tariff
Only Free Consumers may acquire this kind
Not Special Incentivized of electricity and it have a discount on

transmission or distribution tariff

Source: Soares (2020, our translation)

In 2004, the free market had a consumption of 6 GWavg, which at that time
represented around 15% of country’s total consumption (ROCKMANN, 2019). In 2021,
total free market load was around 21.8 GWavg, representing 38% of total country’s
consumption (figure 12) (EPE, 2022a).

Figure 13 exhibits captive market consumption from 2012 to 2021, indicating a
decrease, mainly in the industrial consumption. This decrease is explained by the
migration of those consumers to the free market, shown in figure 14. Figure 15 illustrates
residential and industrial consumptions share in 2021 in both captive and free market. The
residential sector is 100% in the captive market, because regulation does not allow them

to access the free market, while industrial consumption is 87% in the free market.
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Figure 12 — Captive market and free market consumption
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Figure 13 — Captive consumption by sector
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Costs to migrate from the captive market to the free market used to be higher
because consumers had to pay for meter installation, which was mandatory to access the
free market. In 2016, this obligation was withdrawn, then the free market became more
economically appealing (ANEEL, 2015a). Moreover, distribution tariffs were more
expensive at that time. Finally, in 2016 prices in the free market were cheaper due to a

consumption reduction caused by economic recession and higher reservoir levels. This
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conjuncture was responsible for a massive migration to the free market, and the number
of free consumers increased more than twice compared to the year before (figure 16)
(CCEE, 2021).

Figure 14 — Free consumption by sector
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Figure 15 — Residential and Industrial Consumption in 2021
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Figure 16 — Number of consumers at free market
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3.2 BRAZILIAN ELECTRICITY MIX

Brazilian electricity mix in the 1990’s was mainly composed by big hydro power
plants with large reservoirs, thermopower plants were responsible for around 10% of the
supply, it had just around 2% of biomass and did not have significative share neither of
wind power nor solar PV sources (EPE, 2006). Since then, there was an important growth
in the share of those renewables. In 2021, the share of wind power, solar and biomass
reached 17% of Brazilian total generation (EPE, 2020a).

Furthermore, Brazilian electricity mix has already a high share of renewables,
including hydro power plants. In 2021, the share of renewable energy production was
78%, with growth in the wind and hydro power plants (figure 17). There was a reduction
compared to 2020 because of the draught, that reduced hydro power generation and
increased thermal generation. Worldwide, the share of renewables in 2019 was 26,6%
and in OCDE countries it was 30,8%, in 2020.
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Figure 17 — Renewable’s share in Brazilian electricity energy mix
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Renewables sources share is supposed to increase in the next years. According to
EPE (2021a), in its ten-year energy expansion plan, wind power, solar and small hydro
power plants will have around three times installed capacity compared to 2020 data (figure
18).

Figure 18 — Electricity source’s share of installed capacity in central generation
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The capacity growth will be supported mainly by those renewables, whose share
in the electricity mix should go from 27% in 2021 to 38% in 2031 (figure 19). According to
EPE, besides the great potential to increase electricity mix with wind and solar because
of Brazil's weather conditions, by using those sources there will be a cost reduction (EPE,
2022a).

Figure 19 — Installed Capacity share in 2021 and 2031
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In 2022, Brazil reached over 92% of renewable energy generation, the highest
percentual in the past 10 years (see figure 20). It was a production of 62 GW average.
The source with the greatest increase in electricity production was solar centralized, with
64.3% more than 2021. It was produced 1.4 GW average and the source reached 4% of
the electricity mix. The hydraulic source had an increase of 17.1% compared to the
previous year, mainly due to a good period of rainfall, it was responsible for the production
of 48 GW average. Wind power had an increase of 12.6% from 2021, with a production
of 25 GW average. Currently, there are 891 wind farms. Finally, biomass had its
production increased by 0.3% compared to 2021, producing 3 GW average in 2022
(CCEE, 2023b).

Soares (2020) suggests that the increase of renewable sources in the electricity
mix is important to achieve climates goals defined on the NDC. But there are other

reasons for policy makers to spur those sources. Those type of projects are constructed
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in less time, the number of investors is greater and so is the easiness of investments and
financing the projects and they also increase the resilience of the system, due to the

decentralization of generation.

Figure 20 — Brazilian generation mix
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3.3 RENEWABLE ENERGY PRICE PROGRESS

3.3.1 Procurement electricity Auctions

Throughout the years, renewable sources generation technology has been
evolving and, therefore, their prices went significantly down. An important data that shows
this trend are procurement renewable electricity auctions prices. Figure 21 shows that
solar source used to be contracted at the price of around USD 250/MWh in 2010 and went
down to USD 58/MWh in 2017. It also happened to the wind power, whose prices went
from USD 75/MWh in 2010 to USD 43/MWh in 2017 (IRENA, 2020).

Brazilian electricity procurement auctions for renewables had similar trend, in which
prices have fallen throughout the years, as shown in figure 22. Solar power plants were
allowed to sell since 2014. In 2015, solar and wind power prices were the highest seen in
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past ten years auctions, with an average price of USD54/MWh and USD 32/MWh?,
respectively. The electricity procurement auction for new power plants, held on October
2019, also showed a reduction in renewables prices trajectory, with the lowest prices for
solar. The auction contracted 1,152.2 MWavg to start supplying in six years, and the
cheapest sources were solar and wind, with average prices of USD15.80/MWh and
USD18.87/MWh, in this order (CCEE, 2023a).

Figure 21 — World average auction prices
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L Exchange rate 1 USD = BRL 5.5805 (December 31%, 2021).
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Figure 22 — Brazil average auction prices
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3.3.2 Levelized cost of electricity (LCOE)

Another methodology used to compare costs of many sources in different countries
is to calculate the levelized cost of electricity (LCOE), this index considers costs of all
stages of project development and operation. Global wise, solar PV and onshore wind
sources are the cheapest for new-build capacity of generation. In 2019, the LCOE for solar
PV and onshore wind was USD 50/MWh and USD 44/MWh, respectively
(BLOOMBERGNEF, 2020).

The global benchmarks for solar PV and onshore wind are China and Brazil. For
the first one, the LCOE is USD 38/MWh getting close to coal-fired power plants costs of
USD 35/MWh. In Brazil, with lending rates falling on past years, wind projects can reach
a LCOE of USD 24/MWh, the cheapest in the world (BLOOMBERGNEF, 2020).

LCOE for the global benchmark in each source has fallen on the past decade. The
benchmark is calculated with latest annual capacity additions using a country weighted
average (BLOOMBERGNEF, 2020).
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Offshore wind LCOE has also fallen in past years. In 2022 it reached a value of
USD 72/MWh and became USD 3/MWh cheaper than coal and USD 18/MWh cheaper
than combined cycle gas turbine, which had an increase of 23% in its benchmark. The
increase in coal and gas projects is due to higher commodity prices. The benchmark
LCOE for gas is at USD 93/MWh, which is more than twice solar and onshore wind LCOE.
Benchmarks are demonstrated on figure 23 (BLOOMBERGNEF, 2022).

Figure 23 - Global levelized cost of electricity benchmarks, 2h 2022
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EPE (2021b) analyzed renewables sources LCOE in Brazil, using generation
CAPEX ranges, O&M, fuel costs and performance. The study attributes reference values
for capacity factor and life cycle for each source. The sources considered in the study are
wind, solar PV, small hydropower plants, biomass, biogas, floating PV and offshore wind.
For the calculation, the discount rate used followed the Weighted Average Cost of Capital
(WACC) methodology. Thus, for each source its was calculated a minimum and a
maximum LCOE with three different discount ratio, 6%, 8% and 10%. The results are

shown on figure 24. Wind and solar PV are the cheapest sources, with a minimum cost of
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around USD 20/MWh. Biomass, biogas and offshore wind were the renewable sources
with the highest LCOE ranges, because of the fuel’s prices or CAPEX variability.

EPE (2021b) compared the results obtained in the study with international data
from different sources, such as IEA, IRENA, LAZARD and NREL. Figure 25 shows IEA
and Brazil’'s LCOE. In this analysis all Brazilian sources are bellow IEA’s costs, except

Natural Gas thermal.

Figure 24 — LCOE (USD/MWh) — Renewables
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Figure 25 — LCOE comparison: Brazilian references x International References (IEA)
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4 ANALYSIS OF RENEWABLE ENERGY SUBSIDIES

This chapter’'s goal is to study national and international renewable energy
subsidies policies. The section 4.1 presents a bibliographic review of renewable energy
subsidies around the world. Section 4.2 has some initiatives from governments to fund
sustainable projects through investments. Section 4.3 presents Brazilian regulatory
framework of the subsidies and estimates the impact of the benefits granted by them.

4.1 SUBSIDIES AROUND THE WORLD

To achieve global climate goals, many countries have established policies to
increase renewable energy into their power system. These policies are tailored according
to each country or region needs, and may be fiscal incentives, regulation, public financing,
feed-in tariffs (FIT), net metering, quotas, among many others, or a mix with some of them
(REN21, 2019). Figure 26 shows the number of countries with renewable energy
regulatory policies and divides it into four categories: power, transport, carbon pricing, and

heating and cooling.

Figure 26 — Countries with Renewable Energy Regulatory Policies
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There are subsidies for any kind of electricity generation in the world. Taylor (2020)
calculated that in 2017 the world's total direct energy sector subsidies were more than
USD 634 billion. From this amount, fossil fuels accounted for 70% (USD 447 billion) and
renewable energy generation for around 20% (USD 128 billion). For renewable energy
generation, solar PV is at the top of the rank and have received around 48% (USD 60.8
billion). Onshore wind power comes right after, with 25% of the total amount (USD 31.6
billion). The third and fourth ones in the ranking are biomass (17%, USD 21.9 billion) and
offshore wind (5%, USD 6.6 billion), in this order.

Taylor (2020) estimates that renewable energy power generation subsidies will
decrease in the next years since they are getting more cost competitive in ten to fifteen
years. Therefore, in 2030 a reduction of USD 53 billion is expected compared to 2017. On
the other hand, total generation capacity of these sources will increase considerably. In
this estimate, subsidies will be close to zero in 2050 and renewables will achieve higher

levels of generation and lower costs (Figure 27).

Figure 27 — Energy sector subsidies estimates
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According to Taylor (2020), some of new renewable energy technologies are
cheaper than existing non-renewable ones, such as coal or nuclear power plants. For this
reason, those power generation will increase without needing subsidies. However, given
the urgency of electricity generation transition for reaching global goals of reducing carbon
emissions, new technologies may be required, and they might have higher prices.
Regulators across the world will have the challenge of balancing higher costs to reduce
climate changes.

There is not a consensus on how to define and calculate a subsidy (see figure 28).
Each organization adopted its own methodology for this matter. For example, IEA
(International Energy Agency) considers it as a government action to lower the cost or to
raise the price of energy production, and it is applied to fossil or renewable sources. On
the other hand, WB (World Bank) and OECD has a specific definition only for fossil fuels.
The first one considers a subsidy as a deliberate policy action by the government, and the
last one defines it as a direct budgetary transfer and tax expenditures. The definition used
by the WTO (World Trade Organization) is that a subsidy may be a financial contribution
or a price support by a government or any public body. This definition has universal
acceptance and is often referenced.

Subsidies may be indirect, those that are not direct payments or discounts but
another kind of support, or direct, such as feed-in tariffs, fiscal benefits, among others
(BATLLE, 2011).

In Europe, many countries have RES subsidies and the difference in each country
is what kind of subsidy is applied and how they allocate it among consumers or taxpayers.
In Austria, for example, RES subsidies costs are allocated according to the consumer
voltage, with a flat rate in each voltage. In Netherlands, the State has a budget for paying
the subsidies, so it is paid by all taxpayers. In Portugal, there is a tariff added to energy
price, in EUR/MWh. In Spain, those costs are charged in the grid access tariff (BATLLE,
2011).

Wurster and Hagemann (2020) analyzed features in Belgium, Austria and
Germany in order to understand what were important conditions that led to a high
expansion of renewable energy and found out that countries with a generous feed-in tariff
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program were more successful to achieve this goal. They classified it as a necessary

condition to increase renewable energy share in countries’ mix.

Figure 28 — Definitions for energy subsidies

DEFINITION

WORLD TRADE ORGANIZATION (WTO)

“A financial contribution by a government
or any public body within the territory of
a Member”, or when “There is any form of
price support...(where) a benefit is thereby
conferred.”

INTERNATIONAL ENERGY AGENCY (IEA)

“Any government action directed primarily at
the energy sector that lowers the cost of energy
production, raises the price received by energy
producers or lowers the price paid by energy
consumers. It can be applied to fossil and non-
fossil energy in the same way.”

ORGANISATION FOR ECONOMIC CO-OPERATION
AND DEVELOPMENT (OECD)

“Both direct budgetary transfers and tax
expenditures that in some way provide a benefit
or preference for fossil fuel production or
consumption relative to alternatives.”

WORLD BANK (WB)

“A deliberate policy action by the government
that specifically targets fossil fuels, or electricity
or heat generated from fossil fuels.”

INTERNATIONAL MONETARY FUND (IMF)

“Pre-tax consumer subsidies arise when the
prices paid by consumers, including both firms
(intermediate consumption) and households
(final consumption), are below supply costs
including transport and distribution costs.
Producer subsidies arise when prices are above
this level. Post-tax consumer subsidies arise
when the price paid by consumers is below

the supply cost of energy plus an appropriate
“Pigouvian” (or “corrective”) tax...”

Source: Taylor, (2020)

FOCUS/
METHODOLOGY

.

.

How energy
subsidies distort
trade

Dispute
settlement

On consumer
subsidies, rather
than producer
subsidies

Fossil and
renewables
Price-gap
approach

The inventory
of support is
first step to
identifying
subsidies to a
sector
Inventory
approach

Support
countries in
their subsidy
measurement

Understanding
magnitude of
subsidies to
support reform

* Price-gap

and inventory
approach

Near universal
acceptance
Often
referenced
Used by many
as basis for
their analysis

Broad
definition
Explicitly
covers all
energy

Broad
definition of
“support”
Inventory
approach adds
to transparency

Good overview
of approaches
to subsidy
calculation

Includes
unpriced
negative
externalities

.

STRENGTHS WEAKNESSES

Not widely used by
some of the main
institutions involved in
subsidy reform

Applied only to
consumer subsidies
Disagreement over
reference prices
Can miss a range of
subsidies

No nuclear numbers

Can miss a range of
supports delivered
via price measures
(prevalent in
developing countries)
No estimates for
nuclear or renewable
subsidies

No recent subsidy cal-
culations of their own
No estimates for
nuclear or renewable
subsidies

Data intensive
No estimates for
nuclear or renewables

Austria has introduced a feed-in tariff subsidy in 2002 (WURSTER; HAGEMANN,
2020). This decision was made early, towards a common goal in European Union to

increase renewable energy sources in their countries’ energy mix. Belgium delegated

policies to federal states, some of them adopted green certificates with a quota system for
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them. Germany also began moving towards a renewable generation mix in 2000, with a
feed-in tariff program for 20 years.

Batlle (2011) discussed a method to allocate renewable energy subsidies costs,
since it must be paid by somebody. It has studied the case of Spain, where RES subsidies
increased consumers tariff by around 10%, using feed-in tariffs. With this policy, they
introduced 25% of renewables in their energy mix.

The article proposes that it would be more efficient to allocate total cost spent with
RES subsidies to the consumption of the other energy sources (coal, oil and its
derivatives, gas and electricity) in Spain. Therefore, each of these sources’ consumption
would have their costs increased with RES costs according to the proportion of the source
in the energy mix.

According to Wurster and Hagemann (2020), quota’s systems may be used to
promote investments in renewable energy generation. Policy makers should define quotas
for utilities, retailers or even consumers to buy from renewable sources. In some countries,
these quotas are sold as green energy certificates by generators.

In the United Kingdom, a feed-in tariff policy was settled in 2010 with the objective
of increasing solar PV capacity through microgeneration of electricity. By December 2014,
55% of its total solar PV capacity was installed under FIT program, which represented
over 98% of installations (KAY, 2015). The study analyzed a period from April 2010 to
2014 and reached the conclusion that in the beginning, FITs were necessary to achieve
the goal of introducing solar PV generation into country’s mix, in a period that solar
installation costs were higher. As the installation costs were decreasing, FITs were
dropping as well. FITs were set at USD 43.3 p/kWh in the beginning, and it was reduced
to USD 16 p/kWh in August 2012.

According to Kay (2015), subsidy policy using FIT to introduce solar PV generation
was successful and necessary when the technology was not well known and more
expensive. Also, the subsidy was reduced whereas installations were getting cheaper,
gradually.

LI et al. (2020) provides information regarding renewable energy generation and
its targets in Australia. The country has committed with Paris Climate Agreements to

reduce its emissions by at least 26% by 2030 (data base 2005). To meet this target,
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Australian authorities established renewable energy generation targets. In this context,
Australian retailers should acquire generation certificates, both large- and small-scale
types. The government has also given subsidies such as money support and feed-in
tariffs. Some states have implemented the time-varying feed-in tariffs (TV FITS) to also
encourage consumers to reduce their consumption during peak periods, by putting a
higher price in those periods.

Anaya and Pollitt (2017) analyses Distributed Generation (DG) benefits when it is
connected on distribution grid in Great Britain with smart connections. It allows operators
to manage DG according to load, generation and network restrictions. To increase DG
deployment, the regulator has been using subsidies that are paid by consumers, such as
FIT, ROCs (Renewable Obligation Certificates), LECs (Levy Exemption Certificates) and
CfDs (Contracts for Difference). The conclusion of the study is that introducing an
incentive payment for DG smart connections will benefit more the generators than the
wider society, which pays for the subsidies. Anaya and Pollitt (2017) suggested that

generators should pay a smart connection fee instead of receiving incentives for it.

4.2 INITIATIVES TO FUND SUSTAINABLE PROJECTS

4.2.1 Brazilian Initiatives

To achieve Brazilian NDC’s targets up to 2030, there might be necessary to
implement public policies, such as: industrial energy efficiency label with minimum
efficiency standards; carbon pricing instruments; investments funds in energy efficiency
and decarbonization; specific credit lines for energy efficiency; and others (RATHMANN
et al., 2017).

Brazil has indicated on its NDC its intention of reaching 10% efficiency on electricity
sector to achieve 2030’s target through efficiency improvements of equipment and
optimization in electricity consumption habits to limit consumption increase in this period
(BANCO INTERAMERICANO DE DESENVOLVIMENTO, 2018).
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The Environment Ministry (MMA)’s plan to fund actions towards energy efficiency
and the generation target is by nongovernmental sources, such as exclusive financing
lines (BANCO INTERAMERICANO DE DESENVOLVIMENTO, 2018).

The Development National Bank (BNDES in Brazilian acronym) has a credit line
for investments in renewable energy generation and for technology deployment of these
sources, under the Climate Fund (Fundo Clima). In this program, it is possible to fund
projects up to USD 6.42 million, representing 80% of eligible items, with an interest rate
inferior to 5% per year (BNDES, [20197]).

4.2.2 International Initiatives

The World Bank has a branch for environmental and social development. Within
the scope of actions associated to the environment, there are patterns established for
resource efficiency and pollution prevention (WORLD BANK, 2016). The Global
Environment Facility Trust Fund (GEF) is administered by the World Bank and may be
reached by developing countries to achieve the objectives of agreements and global
conventions related to the environment. Besides, the requesting country should have
ratified one of the agreements the fund supports, like the COP (GEF, [20237]).

Therefore, in addition to governmental subsidies to incentivize renewables
generation and consumption, there are other initiatives to spur this type of project such as
exclusive credit lines from BNDES and The World Bank. Policy makers and other
institutions are fomenting actions towards an energy consumption with lower impacts on
GHG emissions.

Institutions and investors are now recognizing that ESG factors also influence risk-
return analysis of their investments, with a direct impact on their financial performance. In
March 2020, more than 3,000 institutions, accountable for USD100 trillion of assets under

management, signed on to the United Nations Principles for Responsible Investment (UN

2 Exchange rate 1 USD = BRL 4,6947 (April 18™, 2022).
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PRI), where they committed to incorporate ESG matters on their investments decision-
making analysis (THE WORLD BANK, 2020).

The sustainable development goals (SDGs) are a set of 17 goals with the purpose
of solving social, economic, and environmental problems by 2030. Although it is important
to understand SDGs as a guideline to ESG actions, investment’s decision process in
sovereign debts needs to consider environmental and social issues at local level. Other
factors like geopolitical issues, internal politics, demographics, and social dynamics are
already being used in risk assessments. This approach makes it possible to understand

the connections between ESG factors and investments performance.

4.2.2.1 Chile

As an example, Chile has developed a policy to achieve its Nationally Determined
Contributions (NDCs) under Paris Agreement, ratified in February 2017. There were
commitments defined in five areas: mitigation; adaptation; construction and capacity
building; technology development and transfer; and financing. Chile’s major goal is to
reduce CO2 emissions per unit of GDP by 30%, using 2007 levels as a baseline
(REPUBLIC OF CHILE, 2019).

To achieve its Long-Term Climate Strategy, Chile has established a framework to
emissions of Green Bonds by the government, whose payments are made by the
Treasury. Besides, they are promoting a green asset class to attract foreign investment.
Chile’s green bonds intend to promote a transition to low carbon, climate-resilient and
environmentally sustainable economy. The expenditures eligible as green expenditures
are tax expenditures (subsidies and tax exemptions); operational expenditures; real
assets, such as land energy efficiency, etc.; intangible assets that includes research and
innovation, human capital, and organization; and capital transfers to public or private
entities (REPUBLIC OF CHILE, 2019).
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4.2.2.2 United States

Recently, the United States signed the Inflation Reduction Act of 2022 (IRA), with
the intention of significantly reducing the country's carbon emissions by the end of this
decade, allocating roughly USD 400 billion in federal funds for clean energy. The money
will be distributed using a combination of grants, tax incentives, and loan guarantees. The
largest share goes to clean electricity and transmission, with USD 250.6 billion, then to
sustainable mobility, including EV incentives, accounting for USD 23.4 billion (BADLAM
et. al., 2022).

Incentives for private investment should be offered. Tax credits make up the
majority of the USD 394 billion in funding for energy and environment. With expected tax
benefits totaling USD 216 billion, corporations will benefit from the greatest amount. These
are intended to stimulate private investment in industry, transportation, and sustainable
energy. The bill contains direct pay incentives, which allow an entity to claim the full

amount even with a tax liability smaller than the credit (BADLAM et. al., 2022).

Figure 29 — Consumer’s tax incentives in the IRA
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By lowering the cost of EVs, energy-saving appliances, rooftop solar panels,

geothermal heating, and house batteries, an estimated USD 43 billion in IRA tax credits

for consumers aims to reduce emissions. From 2023 onward, qualifying EVs will be
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entitled to tax credits of up to USD 7,500 for new cars and USD 4,000 for used cars. A tax
credit of up to 30% of the total cost of qualifying home renovations will be available, with
an annual cap of USD 1,200. The credit for heat pumps is capped at USD 2,000 annually
(see figure 29) (BADLAM et. al., 2022).

4.2.2.3 European Union

The EU Renewable Energy Directive provides regulation basis for the growth of
renewable energy across all economic sectors and encourages cooperation among
member states. It has been strengthened because of the provisional agreement on the
March 30", 2023, between the European Parliament and the Council. The agreement
increases the EU's legally binding renewable aim for 2030 from the current target of 32%
to a minimum of 42.5%, nearly doubling the present share of renewable energy in the EU.
In addition, it was decided that the EU will take steps for a goal of 45% renewable energy
by 2030 (EUROPEAN COMMISSION, 2023a).

The agreement highlights the EU's commitment to reduce greenhouse gas
emissions by 55% by 2030 and achieve energy independence through a quicker
deployment of domestic renewable energy sources. Progressively lowering energy prices
and reducing the EU's reliance on imported fossil fuels would result from a significant
scaling up and acceleration of renewable energy in power generation, industry, buildings,
and transportation (EUROPEAN COMMISSION, 2023a).

The EU's long-term growth plan, the European Green Deal, aims to make Europe
carbon neutral by 2050. One of the 'Fit for 55' recommendations made by the Commission
in July 2021 is to revise the Renewable Energy Directive to make the EU's climate, energy,
land use, transportation, and taxation policies suitable for lowering net greenhouse gas
emissions by at least 55% by 2030, in relation to 1990 levels. By the end of the next
decade, renewable energy deployment must be accelerated and increased for Europe to
achieve climate neutrality and implement the European Green Deal (EUROPEAN
COMMISSION, 2023a).

The Recovery and Resilience Facility (RRF) is one part of a comprehensive

response that aims to lessen the economic and social effects of the coronavirus pandemic
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while also improving the sustainability, resilience, and preparedness of European
economies and societies for the opportunities and challenges presented by the green and
digital transitions. It will help the member countries to reach climate neutrality by 2050.
The European Commission will borrow money from the capital markets on behalf of the
EU. The RRF made available EUR 723.8 billion, divided in EUR 385.8 billion in loans and
EUR 338 billion in grants (EUROPEAN COMMISSION, [20237]).

The RRF redirects around 41% of the funds to actions towards reducing GHG
emissions, an amount of EUR 203 billion. For instance, Croatia and France have received
EUR 91 million and EUR 1.4 billion, respectively, for decarbonization and energy
efficiency supporting. The investments are used in major reforms in a variety of policy
areas. As an example, Greece, Portugal and Spain, has made reforms to increase
investments in offshore renewables and introducing green hydrogen, by making licensing
simpler (EUROPEAN COMMISSION, 2023Db).

In May 2022, the European Commission presented a plan to minimize EU’s
dependence on Russian fossil fuels, with the objectives of saving energy, increasing clean
energy production, and diversifying its suppliers, the REPowerEU. The RRF provides
EUR 225 billion in loans for the REPowerEU. Additional EUR 20 billion should be available
in grants, coming from the EU Emission Trading System allowances (EUROPEAN
COMMISSION, 2022).

4.3 SUBSIDIES IN BRAZIL

Brazil has adopted almost all kinds of subsidies to promote renewable energy
generation (see table 5), but green certificates, renewable energy quota and rebates
(SOARES, 2020).



Table 5 — Incentives instruments to Not dispatchable Renewable Sources
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Utilized
Instrument Definition in
Brazil
Feed-in tariffs The generator receives_ a fixed rate ($/MWh) during Yes
a defined period
Renewable Energy  To establish a market reserve with defined amount NoO
Quota to buy from specific technologies
To separate electricity delivery from its sustainable

Green Certificates attribute. Consumers are obligated to buy an No

established number of theses certificates

Definition of specific criteria, qualification, and
Auctions analysis of projects to promote competition in price Yes
offers by available market
Sector or Fiscal Exemptions or tax benefits for renewable electricity Yes
Incentives production
Direct cash transfers Direct cost reduction, so the project developer NoO
and rebates needs to invest less on its projects
Subsidized financing

and private bonds Subsidized financing made by development banks Yes

emission with or private bonds emission without taxes

exempted taxes
Consumers may inject electricity in the utility grid

Net metering and receive it as a credit when it generation does Yes

not cover its consumption

Source: adapted from Soares (2020)

Policy makers have established subsidies programs such as PROINFA, a feed-in

tariff subsidy, tariff discounts for RES and net metering for micro or mini Distributed
Generation, that will be explained in the next sessions. In addition, there are some taxes
exemptions applicable to RES (see table 6).

Most subsidies are paid by electricity consumers through sector charges tariff,
where there is a centralized account called CDE (Brazilian acronym of Energy
development account), which centralizes costs and incomes for subsidies and other
government programs. This account is part of the distribution tariff and is managed by
CCEE. This account was created by law 10,438, 2002. Almost all consumers pay a sector
charge, in its distribution tariff, which is used to fund this account. So, most subsidies are

paid by all the consumers.
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Table 6 — Taxes benefits applied to Not dispatchable Renewable Sources

Tax Incentive to RES

Tax on circulation of goods and
services (ICMS in Brazilian
acronym)

Tax on industrialized goods (IPI in
Brazilian acronym)

Exemption on renewable electricity generation
equipment

Most part of equipment is exempted

Incentives Special Regime for the Infrastructure
Development (Reidi in Brazilian acronym). This
program assures exemption for five years after
project registry for the sale or import of new
machines, gadgets, instruments, and equipment
for construction of infrastructure projects

PIS/PASEP and Cofins

Reduction on income tax for

priority projects Reduction on income tax for priority projects

Source: adapted from Soares (2020)

4.3.1 PROINFA

The Program of Incentive to Electricity Alternative Sources (PROINFA in Brazilian
acronym) was created in 2002 by the Brazilian federal government. It was a FIT subsidy
with the main goal of promoting the use of renewable energy sources for electricity
generation. It spurred the increase of RES such as wind, small hydro and biomass in the
Brazilian electricity mix. Generators received financial incentives to develop projects for
those kind of sources through long-term contracts for the sale of electricity generated from
these sources at a fixed price, which was higher than market and sufficient to cover the
costs and to get the expected financial return.

Law 10,438, enacted on April 26", 2002, established the program and provided the
legal framework for its implementation, where it was defined the types of RES eligible for
the program, the criteria for selecting projects, and the financial incentives to be provided
to companies that invest in these projects. Since its creation, PROINFA has been
regulated by several other laws, decrees, and resolutions, which have established the
specific rules and procedures for implementing the program (BRASIL, 2002). The main

regulatory instrument for PROINFA was Decree 5,025, issued on Mach 30™, 2004, which



58

established the criteria for selecting projects and the procedures for contracting and
monitoring them (BRASIL, 2004).

PROINFA has been successful in promoting the use of renewable energy in Brazil,
contributing to the development of new renewable energy projects and the creation of new
jobs in the sector. It has also helped to reduce greenhouse gas emissions and improve
the sustainability of the Brazilian energy sector.

The goal of the program was 3,300 MW of installed capacity, being 1,100 MW of
each source (wind, small hydro and biomass), located in various regions of Brazil. Until
December 315, 2011, the program had supported the implementation of 119 renewable
energy projects in Brazil, with a total installed capacity of 2,649.87 MW. This amount is
divided in 41 projects from wind farms, with 963.99 MW of installed capacity, 59 small
hydro plants, accounting for 1,152.54 of installed capacity and 19 biomass thermal plants,
totalizing 533.34 MW of installed capacity.

The long-term contracts for those sources should be celebrated by the Centrais
Elétricas Brasileiras S.A (Eletrobras in Brazilian acronym). The generators received a
fixed rate varied according to the type of renewable energy source and the year of the
contract, and it was adjusted annually to reflect changes in the inflation rate and the
exchange rate. The costs of the program should be paid by all electricity consumers in
their consumption proportion, except consumers classified as “low income”. Consumers
receive a quota of the electricity generated under PROINFA, proportional to their
consumption.

The fixed prices were valid for the duration of the contracts, 20 years. Prices were
defined according to each source, and it was agreed that they would be readjusted every
twelve months. For wind power, initial prices were USD 41.71/MWh (ELETROBRAS,
2004a), small hydro plants had an initial price of USD 23.89/MWh (ELETROBRAS,
2004b), and biomass had the lowest price at USD 19.14/MWh (ELETROBRAS, 2004c). It
was defined that if the project benefited from the carbon credit commercialization, the
price should be reduced.

Considering that contracts were signed in 2004, there had been 20 years of
readjustment for those generators. Current prices are at USD 158.51/MWh for wind plants,
USD 90.78/MWh for small hydro and USD 72.74/MWh for biomass (see table 7). Those
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prices are much higher than current market prices. In the last electricity auction, wind
power prices were at USD 34.16/MWh (see figure 22), so PROINFA price for this source
is USD 124.35/MWh or 364% higher than market prices.

Table 7 — PROINFA prices

Source Baseline price® Database Readjustment Current prices*
(USD/MWh) Index (USD/MWh)
Wind 41.71 May/2004 IGP-M 158.51
Small hydro 23.89 May/2004 IGP-M 90.78
Biomass 19.14 May/2004 IGP-M 72.74

Source: the author, data from ELETROBRAS (2004a; 2004b; 2004c)

4.3.2 Incentivized sources subsidies

It was established in Law 9,427/1996, that for specific renewable generators it
would be given a discount in the transmission and distribution tariffs of at least 50%
(BRASIL, 1996). To increase the share of consumers buying energy from those sources,
consumers would also receive the same discount in their tariffs (CCEE, [2023]). It is
important to highlight that in Brazil, both generators and consumers pay
distribution/transmission tariffs.

The discounts vary according to generation source, capacity, and the year they
received the grant or won an auction. There is a market reserve of those sources with a
discount in the transport (transmission and distribution) tariff, depending on energy type,
that goes from 50% to 100%.

Incentivized 100% energy type, comes from the following sources:

a. Thermal energy produced with at least 50% from biomass, biogas from
landfill or biodigesters of plant or animal waste, as well as sludge from
sewage treatment plants.

b. Wind, biomass or qualified cogeneration, with the beginning of the plant’s
commercial operation between 04/23/2003 and 12/31/2003.

3 Exchange rate 1 USD = BRL 5.0798 (March 31%, 2023).
4 Prices readjusted until March/2023 (BCB, 2023).
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c. Small hydraulic plants, with more than 1 MW power capacity, with the
beginning of the plant's commercial operation between 10/01/1999 and
12/31/2003.

Incentivized 50% energy type comes from the following sources:

a. Solar with the beginning of the plant's commercial operation after
12/31/2017, with less than 30 MW power capacity.

b. Solar with the beginning of the plant's commercial operation until
12/31/2017, from the 11° year on. Before that, they would receive 80%
discount.

c. Biomass with the beginning of the plant's commercial operation before
04/23/2003 and after 12/31/2003, with less than 30 MW power capacity.

d. Wind with the beginning of the plant’s commercial operation before
04/23/2003 and after 12/31/2003, with less than 30 MW power capacity.

e. Small hydraulic plants, with the beginning of the plant's commercial
operation before 10/01/1999 and after 12/31/2003, with less than 30 MW
power capacity.

f. Solar, wind, biomass or qualified cogeneration, with power capacity above
30 MW and bellow 300 MW, which had been won new energy auction from
01/01/2016 on (ANEEL, 2004).

4.3.2.1 Estimative of incentivized sources subsidies benefits

Electricity with 50% discount is priced at an average of USD 46.41/MWh? for long
term contracts. Electricity from incentivized sources with 50% discount is sold in the free

market with a premium for granting the benefits in the distribution tariff. Prices varies

® Exchange rate 1 USD = BRL 4,6947 (April 18™, 2022).
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according to market volatility. For long-term contracts this premium was at USD 8.1/MWh?®
on April 2022, or 21% above conventional sources price (DASHBOARD DCIDE, 2022)’.

However, the consumers enforced to buy incentivized sources, have a financial
benefit with the discounts in either distribution or transmission tariff. A simulation of a
consumer bill may be seen in table 8. This thesis used as example, a medium size
industry, with a contracted demand of 500kW with Enel Sdo Paulo (the distribution
company of the Brazilian most important economic city), using its tariffs ratified by ANEEL
(ANEEL, 2021b). It was adopted a load factor of 64% and 54% in peak and off-peak
periods, in this order.

In the free market, with price references of April 2022 for long term contracts and
distribution tariffs, this consumer would save USD 26.34/MWh in the free market, an
economy of 26% on its energy bill. This saving comes from three tariff components (tariff
composition is better explained in section 6.1). The first one, is the electricity tariff that is
negotiated on free market at around USD 46.4/MWh for both peak and off-peak periods.
In the captive market, this consumer would pay USD 93.48/MWh for peak period and USD
58.28/MWh for off-peak period, representing 16% discount on its total bill.

The second component is the 50% discount on consumer’s demand tariff, instead
of paying USD 3.12/kW, it would pay USD 1.56/kW, in this case, it would represent a tariff
of USD 7.69/MWh and a discount of USD 3.84/MWh, a saving of approximately 4% on
this consumer’s total bill. Finally, because of this client’s tariff modality and the use of
incentivized source, it would have a discount on its charges tariff for peak hours, saving
more 6.8% of total bill.

If there were no incentives for renewable energy consumption, this consumer
would pay in the free market USD 15.69/MWh less than in the captive market or it would
have 16% savings in its bill, regard the electricity component only.

This calculation does not consider taxes (Pis, Cofins and ICMS) charged in

electricity bill. Although there is a tariff discount for consumers that purchase electricity

® Exchange rate 1 USD = BRL 4.6947 (April 18%, 2022).

"It is important to notice that electricity market prices are very volatile, changing practically every day. So, the date
the analysis was made is important for the results.
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from incentivized sources, in most Brazilian states, they are charged for the taxes of the
whole regulated tariff, without considering the discount.

If there was no difference among sources and the subsidies are withdrawn, prices
tend to equalize. However, a consumer buying electricity from the free market and without
tariff discounts would pay less for it, as shown on table 8 (Free Market Without Subsidies
— Energy without premium). In this case, this consumer would save around USD
23.83/MWh, representing a 24% reduction of its captive bill. Energy price would not have
the premium of USD 8.1/MWh, and there should be a trend of prices equalizing to other
sources, at around USD 38.26/MWh.

In this case, it is noted that demand and peak sector charges, that would receive
discount for the use of incentivized source would be equal to captive market tariffs. Thus,
they would pay the correct prices for those accounts and the deficit would not have to be

distributed among other consumers.

Table 8 — Simulation of a medium size consumer bill with a load factor of 64% in peak hours and
54% in off-peak hours, with and without subsidies

Free Market

. Free Market Wit.hQUt
Enel SP Tariff Captlve. Market Free Market Savings Without Subsidies —
Bill Bill s Energy
Subsidies .

without
premium

Eﬁi':gy $93.48/MWh $2,056.00 $1,020.92 $1,035.68 $1,020.92 $841.82

(Ejrf]fer;yeak $58.28/MWh $10,548.41 $8,399.40 $2,149.01 $8,399.40 $6,025.86

$3.12/kW (or

Demand $7.69/MWh) $1,560.27 $780.14 $780.14 $1,560.27 $1,560.27

Peak

Sector $142.60/MWh $3,137.13 $1,755.85 $1,381.29 $3,137.13 $3,137.13

Charges

Off Peak

Sector $17.03/MWh $3,081.63 $3,081.63 - $3,081.63 $3,081.63

Charges

Total ($) - $20,384.04 $15,037.93 $5,346.11 $17,199.35 $15,546.71

I$C;R;IEI\|/Vh) - $100.41/MWh $74.08/MWh $26.36/MWh $84.73/MWh $76.58/MWh

Source: the author
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4.3.2.2 Incentivized sources subsidies regulatory updates

In 2021, Brazilian government began to withdraw subsidies for new renewable
energy generation by changing Law 9,427, that has created them. All new renewable
generation granted after March 2022, are not receiving incentives anymore. Although this
is a big step towards regulatory modernization, all renewable generators who already
have the benefits and the ones who have received the grant until this deadline to construct
the plant up to 48 months of this date, will continue to receive the benefit until the end of
the grant (BRASIL, 2021).

For this reason, subsidies reduction for this kind of sources will be perceived in
energy tariffs only in 2045 and 2050. Furthermore, this change made a lot of renewable
energy project developers to enter with the request of grant until the established deadline.
According to ONS, by the end of 2022, there were approximately 3,000 requests for grant
with the subsidies in ANEEL, totalizing 41 GW of additional capacity with subsidies. Most
projects are destinated to the free market in the north of Minas Gerais and in the Northeast
region. This volume of requests used up all the transmission capacity (ONS, 2022).

Considering this volume of additional capacity with subsidy, the author did a rough
estimate on table 9 for the annual costs of these subsidies, with basic assumptions. Most
of this new capacity will be from wind and solar PV power plants, whose average capacity
factors are 40% and 30%, respectively. So, it was adopted a medium capacity factor of
35% to estimate yearly generation of 125.7 GWh. For consumers discount on distribution
factor, it was used the value calculated on table 7 of USD 10.6/MWh, this discount will
vary depending on the consumer voltage, consumption, contracted demand, load factor
and distribution tariffs. Finally, generators have a discount of 50% on its transmission tariff
that was estimated in USD 0.7/kW. In this scenario, this 41 GW of additional capacity
would add around USD 1.4 billion per year of subsidies. Considering that grants are for
30 years, it would be a total of approximately USD 40.9 billion due to this additional
capacity with subsidies.

This additional capacity with the incentive may be smaller because even though

there was a great number of requests, some of those projects may not come off the paper.
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Table 9 — Estimative of additional subsidies costs

Number
of grants . . Total
with Additional Estimated Estimated '!'otal tariff discount for Total additional
subsidy Capacity Capacity annual_ discount for generators — subsidies per
by the (GW) Factor generatio consumers - around ear
y n (GWh) $10.6/MWh . y
end of $0.7/kW!
2022
3,000 41 35% 125.7 $ 1.3 billion $ 28.3 hillion $ 1.4 billion

Source: the author

4.3.3 Distributed generation subsidies

Captive consumers have high subsidies to become self-producers if they produce
or buy electricity from Micro or Mini Distributed Generation (MMDG), which are systems
up to 75 kW and from 75 to 5 MW, respectively. A net metering incentive is applied and if
generation is greater than consumption, the consumer will inject it in the utility network
and may use it as a credit for the next sixty months (ANEEL, 2015b). As those consumers
pay volumetric tariffs, the compensation applies to generation, transmissions, and
distribution costs, as charges and taxes.

There are also some commercial options, they may choose among either local self-
consumption, where generation is located at the same site as the consumption or remote
self-consumption, where generation is in a different site but is using the same distribution
company network. In the latter, it is allowed shared generation, through a consortium.

Table 10 shows tariffs components that are not applied to MMDG consumers, they
are exempts of paying for sector charges and electricity tariff. Since the utilities have fixed
and variable costs, those exemptions end up being carried to the other consumers,
because MMDG consumers do not have to pay any of them. EPE (2021a) had pointed
out that a review in the net metering incentives is important. Regulatory updates are
occurring in many countries for MMDG subsidies towards a modernization in electricity

sectors.

8 Exchange rate 1 USD = BRL 5.0683 (April 10", 2023).
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Table 10 — Tariff components applied to consumers with and without GD

Tariff component Consumer with GD Consumer without GD
Availability cost (group B) or contract X X

demand (group A)

Sector charges (R$/MWh) X
Electricity tariff (R$/MWh) X

Flags (R$/MWh) X

Source: the author, based on ANEEL (2025b)

According to regulation (ANEEL, 2015b), neither PPA nor leasing contract charged
per energy units are allowed in this net metering program. However, many generators sell
this electricity by doing a remote DG through a consortium with their costumers, who
receive the electricity and pay to the generator a tariff equivalent to their captive bill minus
a discount, which varies from 5% to 20%, depending on the region they are located and
other market factors. Since they cannot sell the electricity to the consumers, they usually
make a leasing contract, where they rent part of the generation plant to the consumers in

the consortium.

4.3.3.1 Estimative of DG subsidies benefits

An estimative of this subsidy was made to illustrate how much a consumer with this
kind of generation could save. It was adopted two scenarios, the first one is the benefit of
DG for a consumer investing in a system, as illustrated in table 11. The second scenario,
very usual in the market, is a consumer purchasing electricity from a generator, in a
leasing contract. In this scenario, generator gets most of the benefits, as demonstrated
on table 12.

For calculations in table 11 and 12, it was considered a consumer connected in low
voltage (B3 — conventional, class of consumers is better explained in section 6.1) with a
consumption of 1,500 kWh, using its tariffs ratified by ANEEL (2021b).
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Table 11 - Estimative of a consumer with DG bill, considering consumer investment

: Bill without I . Total
Enel SP Tariff DG Bill with DG Savings discount
Electricity $61.21/MWh $91.82 $0 $91.82
Sector
Charges $65.42/MWh $98.12 $0 $98.12
Availability 100 kWh - $12.66 -$12.66
Total $189.95 $12.66 $177.28 93%

Source: the author

As calculated in table 11, a consumer investing in distributed generation, could
save around 93% on its total electricity bill. For this type of consumer, this benefit comes
from the electricity and sector charges tariff, a total of USD126.63/MWh. By using a DG
system, the consumer would have to pay only for the availability of 100 kwh, which is
multiplied by the total costs (electricity and sector charges). There is a caveat in this
simulation, it was not considered the costs of acquisition of the DG systems.

Considering that is usual in the market that generators invest in DG systems and
sell electricity to consumers through a leasing contract, it was simulated a consumer bill
in this modality in table 12, considering the same assumptions for consumer type,
consumption, and distribution tariffs from table 11. In this kind of modality, it is usual that
the generator keeps most of the benefit coming from the subsidy, by given to consumers
a fixed discount from distribution tariff. In this estimative, it was considered a discount of
10%, which gives the generator a price of USD 105.53/MWh.

Table 12 — Estimative of a consumer with DG bill, considering consumer purchasing electricity
from a generator through a leasing contract

: Bill without Bill with . Total
Enel SP Tariff DG DG Savings discount
Electricity $61.21/MWh $91.82 $0 $91.82
Sector Charges $65.42/MWh $98.12 $0 $98.12
Availability 100 kWh - $12.66 -$12.66
Electricity Price
paid to generator $105.53/MWh - $158.29 -$158.29
Total $189.95 $170.95 $18.99 10%

Source: the author
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Considering market prices for electricity used in section 4.3.2 of USD 46.41/MWh?®
(DASHBOARD DCIDE, 2022), there is a big distortion from prices in the free market and
prices charged for DG connections, for basically the same kind of electricity. Those prices
may also be compared with electricity auction prices. In 2022, the solar PV source was
sold in the auction for an average price of USD 33.7/MWh (see figure 22), with an even

more sharp difference.

4.3.3.2 Distributed generation subsidies regulatory updates

In the beginning of 2022, Law 14,300 was published, establishing the “legal
milestone” for MMDG. It was defined the criteria and deadlines to keep the subsidies.
Those who registered until January 71, 2023, will receive full subsidies until 2045, after
this date subsidies will begin to be withdrawn according to table 13 (BRASIL, 2022).

Table 13 — DG subsidies withdrawn

Percentage to be paid by the

Year
generator

2023 15%
2024 30%
2025 45%
2026 60%
2027 75%
2028 90%

Source: the author, based on Brasil (2022)

The commercialization of the electricity generated for MMDG system remained
forbidden, however generators keep using leasing contracts to sell the electricity and

benefit from a higher tariff in this modality. Though, this regulation allows distribution

% Exchange rate 1 USD = BRL 4.6947 (April 18™, 2022).
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companies to purchase surplus electricity from MMDG through a public call, in its
concession area.

The deadline of twelve months to keep receiving full subsidies for this kind of
generation, caused a race to register new projects in this modality. From October of 2022
to January 2023, ANEEL received 486.6 thousand requests for DG projects, with total
capacity of 32,298 MW. This volume is equivalent to two Itaipu hydropower plants and is
twice the volume of requests from October 2021 to September 2022, which was 15,100
MW, according to the Brazilian Association of Electricity Distributors (Abradee in Brazilian
acronym), as shown in figure 31 (SALOMAO, 2023).

They pointed out that this amount of extra capacity will add USD 51.2 billion° in
subsidies in consumers tariffs up to 2045. Previous projects had already added USD 41.1
billion of subsidies until the same period, with a total of USD 92.3 billion. On average,
costs to be borne by consumers will be approximately USD 2.3 billion per year.

The mini DG (modality with projects from 75 kW to 5 MW) was responsible for less
number of requests but greater capacity. The number of requests was of 26,472,
accounting for 25,231 MW of installed capacity and USD 1.8 billion per year of subsidies
(see figure 30). It indicates that generators will keep selling the electricity through leasing
contracts and receiving higher prices due to subsidies.

EPE projected different scenarios for MMDG growth in Brazil, the reference one, is
with current net metering rules until 2028, resulting in an installed capacity of 37.2 GW in
2031. The alternative scenarios considers that subsidies will be withdrawn from tariffs in
different percentages. The lower scenario project 27 GW of installed capacity in 2031
(EPE, 2022a).

In 2023, the current installed capacity is 20 GW, distributed in 1.87 million
generation plants and 2.44 million consumers receiving this electricity (ANEEL, 2023a).
The number of customers with solar PV installed on rooftop is around 63% of total,
approximately 1.54 million consumers with a total installed capacity of around 15.5 GW.
There are approximately 900 thousand consumers with DG in remote systems, around

4.6 GW of installed capacity.

10 Exchange rate 1 USD = BRL 5.2915 (March 24", 2023).
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Figure 30 brings data with number of consumers and installed capacity in both
rooftop and remote systems. 2022 was the year with the greatest addition in capacity and
in number of consumers for both modalities. This may be related to the deadline to keep

receiving full subsidies.

Figure 30 — Evolution of Distributed Generation Growth

Number of consumers Installed Capacity (GW)

Accumulated Total: 900,757 Accumulated Total: 1,539,011 Accumulated Total: 15.47
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402.385 630.107 2022
201.173 382.206 2021

99.581 190.872 2020

54, ! 2019

16.603 2018

2017
2016
2015
2014
2013
2012
2011
2010
2009

Accumulated Total: 4.56

B Remote solar Farms M Rooftop systems

Source: The author, data from ANEEL (2023a)
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Figure 31 — Subsidy Race
Subsidy Race

Microgeneration (PV systems in rooftops)

Number of projects Capacity (MW)
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new projects will be accountable for

32.3 thousand MW

of total installed capacity

| Equivalent to almost 2 Itaipu

hydropower plants

USD 51.158 billion

is the subsidy value forcast in these projects,
to be paid by all consumers

Source: Saloméo (2023, our translation)
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5 RENEWABLE ENERGY CONSUMPTION VERIFICATION

This chapter is a bibliographic review of renewable energy certificates, mandatory
and voluntary markets, around the world. Sections 5.1 and 5.2 explain Guarantees of
Origin and RECs, in this order. Sections 5.3 and 5.4 study the use of the certificates and
the benefits of them. Finally, section 5.5, explains the voluntary certificates market in

Brazil.

5.1 GUARANTEES OF ORIGIN (GO SYSTEM)

Certificates GO (Guarantee of Origin) were adopted by European Union to testify
renewable sources use. The certificates are valid for one year and expire in case they are
not “consumed”. Countries from the Union should choose their own certifier who is
responsible for GOs. It is possible to pick multiple certifiers since there is geographical
overlap and they may be public or private (HULSHOF; JEPMA; MULDER, 2019).

Countries decided to adopt an international standard to GO’s certificates
(HULSHOF; JEPMA; MULDER, 2019). This standard is the EECS (European Energy
Certificate System), a unified international system whose objective is to assure that
certificates can track energy source and its generation method and guarantee that
certificates are not double counted (ASSOCIATION OF ISSUING BODIES, [entre 1998 e
2023]). EECS are negotiated in a single electronic platform, operated by AIB (Association
of Issuing Bodies) (HULSHOF; JEPMA; MULDER, 2019).

Hulshof, Jepma and Mulder (2019) analyzed GO Systems’ markets, and their
conclusion is that certificate’s prices have a high volatility. Markets appear to have a
constant certificate surplus. A positive influence in these certificate markets is the use of

an international pattern.
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5.2 RECs

RECs are voluntary certification that used to be managed by AIB (HULSHOF,;
JEPMA; MULDER, 2019). The RECs segregate attributes linked to consumption of
renewable energy from energy supply because they are products sold separately
(CHUANG et al., 2018). There is a tendency in consumers demand for RECs to increase,
insofar as they increase their incomes (KAMERSCHEN; PORTER, 2004).

Markets that do not use RECs may have the “free-rider effect”, because users who
do not consume renewable energy sources benefit from an electricity mix with a lower
emission factor. However, markets with RECs being retired to the consumers will have
the energy who generates them withdrawn from the network’s emission factor calculation.
The result will be a network with a higher emissions factor (CHUANG et al., 2018).

Feed-in Tariff's (FIT) programs are another example that could cause the “free-
rider effect” because they are usually paid by taxpayers and may interfere on market’'s
competitiveness. In Taiwan, due to FIT programs, generators have more incentives to sell
their energy directly to the government with better tariffs. For this reason, companies have
no incentive to buy renewable energy and its sustainable attributes, and REC’s market is
almost inexistent. Therefore, in markets where there is free competition in energy sale,
RECs’ use may be an important mechanism to indicate the real value of a sustainable
consumption (CHUANG et al., 2018).

In China, RECs’ market trading is an incentive mechanism to energy generation
that may benefit the State economically, by reducing spends with subsidies programs.
However, the use of RECs alone may not be enough to achieve renewable energy
generation goals and should be associated to FIT programs (ZHANG et al., 2018).

There is an international known certification, called I-REC, that was developed by
The International REC Standard Foundation (I-REC Standard), a non-profit organization
that was created to promote the use of RECs as a tool for promoting renewable energy
worldwide. The I-REC standard has created a robust tracking system for products related
to renewable energy generation. It is recognized by major reporting frameworks like the
GHG Protocol, CDP and RE100, as a reliable instrument to track electricity consumption
(I-REC STANDARD, [2023]).
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The I-REC Standard is a global standard that enables organizations to purchase
RECs to offset their GHG emissions and demonstrate the commitment to supporting
renewable energy.

The I-REC Standard is recognized by a growing number of international
organizations and is used by a variety of stakeholders, including governments,
companies, and NGOs. It is an important tool for accelerating the transition to a low-
carbon economy by promoting investment in renewable energy and supporting the
development of new renewable projects.

Overall, while there is no mandatory market for I-RECs, their use is becoming
increasingly common and recognized as a credible way of tracking and reporting

renewable energy use.

Figure 32 — I-RECs issued around the world
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In 2021, 163.8 million I-RECs were issued in 43 countries that have this voluntary
market, considering generation of that year, this is equivalent to approximately 18.7
GWavg of renewable energy generated. In 2022, the issuance is at 122.8 million by March

2023, this number should increase in the next months, since it is possible to issue I-RECs
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from the previous year. The country with the greatest number of certificates issued was
China (around 152 million). The second one was Brazil, with almost 49 million I-RECs
issued (see figure 32) (I-REC STANDARD, 2023).

5.3 GLOBAL INITIATIVES FOR RENEWABLE ENERGY CONSUMPTION

There are global initiatives for companies to take accountability for their impact on
society and to adopt mitigation measures, like the use of renewable sources for energy
consumption. By joining a global initiative, those companies can impact positively their
local environment and influence suppliers, utilities company and the governments for
policy making (RE100, [2023]).

One such initiative is LEED certification (Leadership in Energy and Environmental
Design), a voluntary certificate in buildings that classify them according to sustainable
indicators such as water consumption and energy. LEED was created in 1998 in the
United States and is recognized in over 160 countries, the biggest concentration is in the
Americas. One of the requirements to get this certification is to generate or consume
renewable energy, and I-RECs are accepted to testify it (MARTEK et al., 2018; VAN DER
HEIJDEN, 2015).

Companies from industrial and commercial sectors are responsible for 50% of
world’s energy consumption. The RE100 is a global corporate initiative whose objective
is companies’ commitment with 100% of renewable energy consumption in all their
operations up to 2050. This initiative aims to accelerate world energy transition and,
consequently, to eliminate carbon emissions associated with those company’s energy
consumption. Each enterprise may establish their own goals to converge with global goal
and they should report annually their progress towards the target (RE100, [2023]).

Beyond this initiative’s sustainable appeal, research among members revealed that
transition to clean energy consumption also results in costs reduction, because those
sources are more and more competitive compared to other sources (ANDRILLON, F. et.
al., 2018).

Companies report their goals and how they are performing towards these goals.

There is a well-known global disclosure system used for companies and cities to measure,
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disclose, manage, and share environmental information called The Carbon Disclosure
Project (CDP), which is a non-profit charity. The organization was established in 2000 with
the aim of gathering information on GHG emissions and climate change strategies from
companies worldwide and making this information publicly available (CDP, [2023]).

The CDP works with institutional investors, corporations, and governments to
encourage companies to measure and mange their environmental impacts, including
carbon emissions, water usage, and deforestation risks. The CDP operates through an
annual reporting cycle, where companies respond to a questionnaire that asks about their
carbon emissions, climate risks, and opportunities. The responses are analyzed, scored,
and benchmarked against industry peers and best practices, and the results are shared
with investors, companies, and other stakeholders. The CDP is funded mainly by
governments, philanthropic grants and service-based membership (CDP, [2023]).

The CDP is recognized as a leading global authority on corporate environmental
disclosure and has over 18,700 companies and 1,100 cities reporting through its system.
There are 746 investors with over USD 136 trillion in assets and more than 280 large
buyers with over USD 6.4 trillion in procurement budget that request companies they
negotiate with to disclosure their environmental impact through CDP. For cities, using the
CDP platform is free and voluntary, so governments that decide to report their climate
action efforts receive a score and feedback about their actions. The number of cities
reporting through CDP has increased by 17 times from 2011 to 2020, 68% of those cities
have taken actions to reduce emissions (CDP, [2023]).

5.4 SUSTAINABLE COMPANIES FUNDABILITY

Increasingly, companies are accounted by their impact on society and how their
activities affect the environment. However, reducing their negative impacts by itself will
not be enough, whereas they should be concerned with those issues and be able to solve
problems society is facing (HART; DOWELL, 2011).

Companies that use renewable energy present higher financial indicators
compared to their peers. To reach this conclusion, indicators ROI (return on investment),

Tobin’s Q e Operating Margin from companies listed on EPA’s Fortune 500 Top Green
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Power Partners were analyzed. This list shows American companies with higher
renewable energy consumption (SHIN et al., 2018). EPA uses green power certification
to assure that consumers are buying renewable energy. This is a voluntary green power
market used as best practices to validated energy origin (EPA, [2022]). That study
selected a sample with 60 companies for this analysis in a period from 2007 to 2013.
These indicators were compared with average of companies in the same sector and the
result is that companies with a renewable energy consumption strategy have better
indicators (SHIN et al., 2018).

An impact evaluation on environmental costs in the financial services sector shows
that by reducing environmental costs, there is a long-term increase in companies results.
The environmental costs are measured by the amount of natural resources used in firms’
process or the amount of GHG emitted multiplied by their environmental damage costs to
population, data were collected from Trucost Plc, the largest database of GHG emissions.
The main aspects that corroborate with this result are: increase on companies’ reputation;
more qualified employees are hired; increase on productivity and competitivity; reduction
on capital costs and profit increase.

Moreover, there is a greater awareness of environmental aspects on companies
located in North America and Europe than in Asia. To reach this conclusion, the study
compares some indicators as net income and total environmental costs in a sample of
4,924 companies from 29 countries between 2002 and 2011. The highest median net
income was in North America, USD 575 million, Asia Pacific companies presented a
median net income of USD 14 million. In the other hand, US firms have higher total
environmental costs (USD 12.2 million), while Asia Pacific firms’ median is almost half of
it (USD 5.9 million) (JO; KIM; PARK, 2015).

In Brazilian stock exchange, there is an index called ISE-B3 (Brazilian acronym for
B3’s business sustainability index) which includes companies with best ESG
(Environmental, social, and corporate governance) practices. This index evaluates
companies since 2005 and since then, companies listed in its portfolio presented 294.7%
profitability, while Ibovespa presented 245% (ISEB3, [2019]). Analyzing indicators of
wealth generation on companies that are listed on ISE-B3 and comparing with same
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indicators of companies that are not included on this index the conclusion is that there are
not significant differences between these two groups (SOUZA; FARIA, 2018).

A study conducted by Capgemni in collaboration with the RE100, evaluated
financial performance of companies with renewable energy consumption strategy and
compared it with their peers without those strategies. Companies committed with the
RE100 were evaluated as matures on energy transition subject, because they have
specific targets and report annually their advances towards the target, presenting
commitment and trustworthiness. The study analyzed EBIT (Earnings before Interest and
Taxes) and Net Profit Margin (ANDRILLON, F. et. al., 2018).

The study’s results are on table 14 and figure 33, showing the number of
companies that were evaluated in each sector and the result of the comparison, in this
order. The Y-axis of figure 33 shows the EBIT percentage difference between RE100
companies and their competition. The X-axis presents the result of net profit margin
percentage difference. For example, IT & Telco RE100 member companies have an EBIT

around 8% greater than their competition who are not RE100 members.

Table 14 — Number of companies considered on financial performance analysis

# Of # Of RE100 Companies among
Sector .

Companies them
Consumer Packaged Goods 451 16
IT & Telco 525 23
Manufacturing 742 19
Health Care 194 4
Retail 481 14
Financials & Services 457 34
Travel, Logistics & Hospitality 260 6
Construction & Real Estate 352 6
TOTAL 3462 122

Source: data from Andrillon, F. et. al. (2018)

The results corroborate with the hypothesis that RE100 member companies
present greater financial performance than their competition in both indicators that were
evaluated. The sectors highlighted in the figure 33, health services and “travels, logistics

and hospitality” have some caveats because there are a low number of companies in the
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RE100 sample. However, these caveats do not interfere on study conclusion: the RE100
members present greater financial performance than their peers.

The study indicates that market leader companies in their sectors invest more in
renewable energy and, for this reason, play a role model to be followed by competition.
Besides, there are other benefits associated with this strategy, such as new financial
sources in business model that focus on ESG (Environmental, Social and corporate
Governance) and green bonds, where companies have access to funds with low interest
rates.

To achieve their target of 100% renewable energy consumption, companies
establish some strategies. One of them is to buy certificates, such as RECs, GO and I-
RECs, that separates the renewable attribute from energy supply, because it is possible
to measure those attributes and link them with company’s consumption. Certificates are

used as a tool to meet the initiative criteria, avoiding double counting.

Figure 33 - Financial indicators comparison between RE100 companies and their peers

COMPARISON OF FINANCIAL KPIS BETWEEN RE100 MEMBERS
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5.5 VOLUNTARY CERTIFICATES MARKET IN BRAZIL

In Brazil, there is no mandatory market for renewable energy certificates. So,
private initiative may create and trade certificates in a voluntary market. The most well-
known certificate used in Brazil is the I-REC, traded in I-REC platform. This is a voluntary
certification to reduce GHG emissions of the scope 2, which addresses emissions from
production and consumption of electricity energy. The certification service is paid and
follows international patterns, although it is adapted to each country’s features (I-REC
STANDARD, [2022]).

Totum Institute is the local I-REC issuer in Brazil. This issuer has an agreement
with CCEE to obtain and validate generation data from suppliers that emit the certificates.
The certificate is associated to the power plant, month, and year of generation. An I-REC
is equivalent to one megawatt-hour generated.

Certificates may be traded on the same emission market or between
interconnected markets, for example, Argentina and Brazil.

The power plant is a Register in the I-REC’s platform, which is the agent capable
of issue the certificates according to their generation. Registers may be producers, self-
producers or distributed generation plants. The Register cannot sell the certificate directly
to a final costumer, it can only be done by a Participant.

A Participant is a market player, trader, or consumer who trades certificates from
their primary account to the primary account of another market player. They may also
redeem certificates on their behalf or on behalf of their clients to their retirement account.

When a Participant transfers a certificate to another account, it waves his rights to
redeem or transfer this certificate. The participant must deliver the certificates in a
redemption account, so the consumer is able to claim the certificate’s attributes.

When an I-REC is retired it is cancelled and may not be transacted anymore. At
this time, the certificate’s attributes are finally handed out to the consumer who bought it.
With this mechanism, it is possible to audit mandatory rules or voluntary claims for the

certificates.
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A player who wants to trade the certificates on I-REC’s platform must pay some
fees, described on table 15 and 16. Any consumer may buy I-RECs to claim renewable

energy consumption attributes.

Table 15 — Registrant Fees

One-time device registration fee (5-year validity) &
Renewal fee (after 5 years and more 5-year validity)
Single devices > 499 MW BRL 12,500
Single devices between 5 MW and 499 MW BRL 7,200
Single devices <5 MW BRL 3,500
Single devices <1 MW BRL 750

Single devices < 250 kW BRL 30
Issuance fee (per MWh) BRL 0.184
Issuance fee (per MWh) self-consumption BRL 0.29

Source: the author, with data from I-REC Standard (2023a)

Table 16 — Participant Fees

One-time trade account opening fee EUR 500.00
Annual trade account fee EUR 2000.00

Additional redemption account fee EUR 0.00
Redemption fee (per MWh) EUR 0.06

Source: the author, with data from I-REC Standard (2023a)

The I-REC market in Brazil has grown exponentially in past years. The first year of
issuance was in 2016 with 95.519 certificates issued. Every year, this number has grown
more than twice. In 2021, Brazil has issued 20.8 million I-RECs, equivalent to 2.4 GWavg
of renewable generation, figure 34 exhibits the growth since 2016 (I-REC STANDARD,
2023b).

In figure 35, there is a comparison of renewable sources issuing the I-RECs in the
world and in Brazil. Worldwide, most of the I-RECs are from hydropower sources, which
accounts for 51% of the issuance (197 million I-RECs). The second one is wind power,
that has issued 29% of total I-RECs in the world (111 million). The third and fourth places
are with solar and thermal sources, with 10% and 7%, respectively. In Brazil, the source
that has issued more I-RECs is wind power with 41% of the Brazilian total issuances (25

million).
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Figure 34 — I-RECs issued in Brazil
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Figure 35— Total I-RECs issued per source (million MWh)
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According to Pinter and Yadav (2022), in 2022 I-RECs in Brazil and China, major
two issuer countries, were being traded at average prices of 30-50 cent/MWh. Those
prices are low compared to Nordic Hydro GO traded at EUR 2.30/MWh.
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6 INCENTIVIZED SOURCES SUBSIDIES - CASE STUDY

This chapter presents a case study of a distribution company with the simulation of
the impact of RES subsidies that were better explained in chapter 4.3.2 on a residential
consumer electricity bill. The objective of this case study is to show that although subsidies
were important to introduce RES on Brazilian electricity mix until they have relevance and

became cost competitive, it caused an imbalance on residential consumers’ tariff.

6.1 TARIFF’'S COMPOSITION

The electricity generated in Brazil is transported by the transmission’s companies,
which deliver it in the consumption center, where the distribution companies are
responsible for delivering it to final consumers. Consumers need to pay the costs to
remunerate all this chain. Since distribution and transmission business are natural
monopolies, it is regulated by ANEEL, whose major attribution is to assure fair prices to
final consumers while maintaining economic-finance balance of concessionaires (ANEEL,
2022a).

The tariff is divided by: Electricity Tariff (TE in Brazilian acronym) and the Tariff of
Usage of the Distribution System (TUSD in Brazilian acronym), the latter includes costs
of electricity transportation (transmission and distribution) and sector charges. The final
tariff will have the addition government taxes: Program for Social Integration and
Contribution for the Financing of Social Security (PIS/COFINS in Brazilian acronym),
ICMS, and Public lighting (CIP in Brazilian acronym) (ANEEL, 2022a).

Consumers are classified by class of consumption, group, subgroup, and tariff
modality. The class of consumption is divided into five categories: Residential, Industrial,
Commercial, Rural and Public Power (ANEEL, 2022b).

The group and subgroup classify consumers according to their voltage connection
(ANEEL, 2021a):

a. Group A: Consumers connected in medium and high voltage, divided by 6
subgroups:
a. Subgroup Al: > 230kV
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Subgroup A2: 88kV < consumer < 138kV
Subgroup A3: 69kV

Subgroup A3a: 30kV < consumer < 44kV
Subgroup A4: 2,3kV < consumer < 25kV
Subgroup AS: < 2,3kV, in a subterranean network

-~ o o 0o T

b. Group B: consumers connect in voltages inferior to 2,3kV, divided by 4
groups:
a. Subgroup B1: residential
b. Subgroup B2: rural
c. Subgroup B3: the other classes
d. Subgroup B4: Public lightening

For group A, there are two tariff modalities: blue and green. The blue is available
to all subgroups in the group A and is characterized by two demand tariffs, one for peak
and the other for off-peak hours, but there is only one tariff for sector charges in both tariff
posts. The green modality is available for subgroups A3a, A4 and AS and has only one
demand tariff, but two sector charges tariff, separated by peak and off-peak hours
(ANEEL, 2022c).

Consumers from group B may choose between two tariff modalities: Conventional
Monomy, which is a singular tariff for all the hours of the day; and the White Hourly, which
has a different tariff according to the hours of the day, and it is not available for subgroup
B4 (ANEEL, 2022c).

The tariff structure is a set of tariffs applied to the electricity distribution market and
differentiates regulated costs according to consumer’s subgroup, class, modality and tariff
posts.

The tariff's composition is demonstrated in figures 36 and 37. In figure 36, there is
the composition of the Electricity Tariff (TE), which is applied only to captive consumers
and has the main objective of reimbursing the distribution company for the costs with the
purchase of electricity. Transmissions costs, losses and sector charges are also included
in this tariffs component. In the figure, the component CDE DG is highlighted to
demonstrate where the subsidy explained on session 5.2.3 is allocated (ANEEL, 2023d).
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Figure 36 — Electricity Tariff Composition
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The TUSD tariff remunerates the distribution services and the transport
component. This part of the tariff also pays for sector charges costs, such as CDE and
PROINFA (for more information, see section 5.2.1), as highlighted on figure 37. It is
through CDE that incentivized sources subsidies, explained on session 5.2.2 are paid.

Figure 37 — TUSD Tariff Composition
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6.2 ENEL SP — CASE STUDY

This thesis analyzed tariff composition in Enel S&o Paulo (before called
Eletropaulo), one of the largest distribution companies in Brazil. According to ANEEL
(2023b), in 2023, Enel SP had the second greatest market share in Brazil, in number of
consumers, with around 9% of total Brazilian captive market, almost 8 million consumers
(see figure 38).

Figures 39 shows CDE costs from 2013 to 2023 and the subsidies in it. In 2022,
total subsidies granted summed up USD 6.77 billion, whereas incentivized sources
accounted for around USD 1.6 billion, or approximately 24% of CDE’s costs (ANEEL,
[2023]a).

Figure 40 shows all the subsidies included in Enel SP tariffs from 2018 to 2023.
Incentivized sources subsidies are the biggest, accounting for almost 56% of the total
subsidies of around USD 73.8 million in 2022 (ANEEL, [2023]b).

Figure 38 - Brazilian distribution companies' market share

100%

[N
N

iy

-

Millions

90%

10
80%

60%

50%

9
70%
8 8
6
5 s
B 40%
4 ‘4
33333 30%
3 3
2 20%
2 2 J
2 22 2 2 4
|IIIIIII -
0 0%
Q é’g\% Q%QVV-OQD Q\ Qég‘(\(&é
S

NP

NI DA < OV o 2 &L . & &L R o,“"\’b&

(@@@@g{cqv& Q@&‘; éqé§&®@e@%é@ & y@o
L?Q; < & {(907’ & &

mmm Number of consumers Market Share

Source: ANEEL ([2023]b)



86

Figure 39 - CDE's costs in dollars
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Figure 40 - Subsidies in ENEL SP's tariff, in dollars
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In this study, data from ANEEL were collected for the years of 2018, 2019 and
2020, to understand how much subsidies for incentivized energy costed for consumers
who did not receive this benefit. Tariffs in Brazil are different according to consumer group,

subgroup, class and modality, explained in section 6.1.
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The author selected Residential Consumers for this calculation because they are
connected to the grid in low voltage, with the highest tariffs. They are not able to select
their own supply and negotiate electricity prices, and must pay it for the distribution
company, whose tariff is regulated by ANEEL (2018, 2019, 2020).

In 2018, CDE’s budget for ENEL SP was USD 380.8 million. Total subsidies,
including low-income consumers, was around USD 90 million. Incentivized source
subsidies for this year were approximately USD 58.7 million, or 15% of total CDE’s budget.
This cost is shared among consumers category, in a different ratio, which is shown on
table 17. According to this ratio, low voltage consumers (BT) will always pay a bigger part
of CDE’s budget. For example, in 2023, while low voltage consumers will pay 1 part of
CDE’s budget, high voltage consumers will pay 0.57 and medium voltage consumers
0.82. Those ratios difference will increase in the next years, leaving a greatest part of CDE
for low voltage consumers (ANEEL, 2023c).

To calculate each consumer category tariff, the utility estimates the market for the
next tariff cycle (twelve months after the tariff adjustment), using consumption data from
twelve months before its tariff adjustment, for every consumer class. In this study,
Residential Consumer (B1 — conventional) market was 15.1 TWh for 2018, 15.2 TWh for
2019 and 14.8 TWh for 2020.

CDE tariff for the studied consumer category in 2018 was established at USD
9.52/MWh. Therefore, this class of consumers paid USD 143.6 million in 2018 tariff cycle,
or 38% of total CDE’s budget for ENEL SP. In 2019, CDE tariff was settled at USD
14.06/MWh with a total of USD 213.4 million paid by these consumers (38% of total CDE’s
costs). In 2020, this tariff was USD 12.8/MWh, totalizing an account of USD 188.7 million,
or 40% of total CDE’s costs.
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Table 17 — CDE’s reference tariffs

CDE'’s reference trajectory

(South,
vear Squtheast and High voltage / Medium
Midwest)/(Nort | voltage / low Low voltage
h and ow voltage voltage
g
Northeast)

2016 4.53 1.00 1.00 1.00
2017 4.07 0.92 0.97 1.00
2018 3.65 0.85 0.94 1.00
2019 3.28 0.79 0.92 1.00
2020 2.94 0.73 0.89 1.00
2021 2.64 0.67 0.87 1.00
2022 2.37 0.62 0.84 1.00
2023 2.13 0.57 0.82 1.00
2024 1.91 0.53 0.80 1.00
2025 1.72 0.49 0.77 1.00
2026 1.54 0.45 0.75 1.00
2027 1.38 0.42 0.73 1.00
2028 1.24 0.39 0.71 1.00
2029 1.11 0.36 0.69 1.00
2030 1.00 0.33 0.67 1.00

Source: the author, based on ANEEL (2023c)

Total subsidies for incentivized sources accounted 15%, 10% and 10% of ENEL
SP CDE’s budget, respectively in the studied period. Using the percentage of 38% for the
first two years of the study and 40% for the last one, representing the amount Residential
Consumers paid for CDE, it was estimated how much they pay for Incentivized Sources
Subsidies, as the calculation shown in the Table 18.

In the studied period, distribution tariff for Residential Consumer was set at USD
73.69/MWh, USD 64.43/MWh and USD 54.95/MWh, in this order. The author reaches the
conclusion that by paying for this subsidy, those consumers had their tariff increased by
USD 1.47/MWh in 2018, USD 1.35/MWh in 2019 and USD 1.29/MWh in 2020, which
represents 2.7%, 2.09% and 2.35% of this tariff, respectively.



Table 18 — Incentivized subsidies calculation

89

2018 2019 2020
. Bl - B1-
Enel SP Tariff B1- . . ) .
structure Total Residential Total Re3|den_t|al Total ReS|de_nt|aI
) Convetion Convetiona
Convetional al |
(1) Annual
Market (MM 136.12 15.09 138.68 15.18 135.89 14.75
MWh)
(2) CDE Budget 380.8511 143.62 555.6212 213.41 468.6413 188.72
(MM $lyear)
(3) Incentivized
sources
subsidies (MM 58.71 22.14 53.20 20.43 47.28 19.04
$lyear)
(4) Sector . -
charges ($/MWh) 73.69 64.43 54.95
(5) CDE Tariff i i
($/MWh) — (2)/(1) 9.52 14.06 12.80
(6) Incentivized
Sources - 1.47 - 1.35 - 1.29
subsidies
($/MWh) = (3)/(1)
(7) Percentual
paid by
consumers of - 2.67% - 2.09% - 2.35%
subsidies —
(6)/((4)

Source: the author, data from ANEEL (2018, 2019, 2020)

ANEEL ([2023]b) calculates how much subsidies represents on residential

consumers tariff. In 2023, total subsidies represented almost 15% of Enel SP residential

consumer’s bill, equivalent to USD 19.2/MWh. The incentivized source represented

3.77%, the second largest value. This number have been increasing in the past years, as

demonstrated in figure 41. In Brazil, the average tariff for residential consumers is at USD

137.6/MWh in 2023, subsidies from incentivized sources accounted for 6.64% of total tariff

and subsidies for distribution generation represented 1.2% of total tariff. Those subsidies

represent an increase of USD 10.8/MWh on consumers average electricity tariff.

11 Exchange rate 1 USD = BRL 3.8742 (December 31%, 2018).
12 Exchange rate 1 USD = BRL 4.0307 (December 31, 2019).
13 Exchange rate 1 USD = BRL 5.1961 (December 31%, 2020).



Figure 41 — Subsidies share on Residential tariffs in Enel SP
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7 CONCLUSIONS

This thesis aimed to answer the following questions: is the replacement of
renewable energy subsidies for certificates market a step in the right direction? Thus, the
main objective of this research was to analyze the impact of renewable sources subsidies
on electricity tariff and to discuss alternatives to promote these sources sustainable
attributes. The secondary goal was to study subsidies and certificates policies and
markets around the world.

Renewable energy sources had their capacity increased all over the world, since
2010, as demonstrated in figure 21, on section 3.3.1. They used to be more expensive
sources, so many countries adopted subsidies to promote their expansion. Since
technology has evolved, their prices went significantly down and since 2018 they are the
cheapest new build capacity in the world (see figure 23, on section 3.3.2). This thesis
reviewed the subsidies policies in some countries: Austria, Netherlands, Portugal, Spain,
Belgium, Germany, United Kingdom, and Australia, and how they were implemented and
withdrawn when they were no longer necessary.

International experiences studied on chapter 4.1, showed that 135 countries had
power regulatory policies in 2018, such as fiscal incentives, regulation, public financing,
FIT, net metering, quotas, among many others to introduce those RES on their energy
mix, but they had a specific duration and were withdrawn once the goal have been
achieved. In 2017, renewable energy generation, have received around USD 128 billion
in subsidies, around 20% of total subsidies granted global wise.

The case of Brazil was studied, which has a high percentage of RES in its mix. In
2022, RES generation represented 92% of total generation, according to information
disclosed on chapter 3.2. Brazil began to withdraw RES subsidies for incentivized sources
in 2021, as discussed on chapter 4.3. Also, distributed generation subsidies began to be
withdrawn in 2022. In both cases, the subsidies will continue to impact consumer’s tariff
until around 2045 and 2050. The author did a rough estimative of incentivized sources
subsidies for those new requests on section 4.3.2, that resulted in around USD 1.4 billion

per year. Regarding distributed generation subsidies, it was pointed out on section 4.3.3
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that the race for new requests may add USD 51.2 billion in subsidies in consumer’s tariff
up to 2045.

In order to understand the impacts that incentivized sources subsidies already
caused on consumer’s tariff, the author calculated how much residential consumers in
Enel SP (one of the largest distribution companies in Brazil) paid for those subsidies. In
the estimates on chapter 6.2, these subsidies represented 2.67%, 2.09% and 2.35% of
their distribution tariff, in 2018, 2019 and 2020, respectively. This burden is carried by
consumers who do not have other options for their consumption.

The weight of those subsidies is increasing on residential consumer’s tariff. As
stated on chapter 6.2, in 2023 residential consumers paid 6.64% of its bill for incentivized
sources subsidies, and 1.2% for DG subsidies, on average.

The problem of high costs for emerging technology of RES has been surpassed
since the technology became well known and cheaper. In Brazil, the last electricity auction
held in 2022 had prices of around USD 34.2/MWh for wind sources and USD 33.7/MWh
for solar PV sources, as informed on section 3.3.1. Meanwhile, generators receiving
subsidies for these types of sources would have a different price in the market, for
example generators with incentivized sources had a price of USD 46.4/MWh in April 2022,
or USD 8.1/MWh above conventional sources (see chapter 4.3.2). Distributed generators
may have prices of around USD 105.5/MWh (see section 4.3.3). In both cases, prices are
above electricity auction, market prices and LCOE, for this reason, financial subsidies are
no longer necessary to promote their development and construction.

Nevertheless, concerns about climate change are in evidence and governments
and companies need to be responsible for their emissions. Glasgow Climate Pact in 2021,
and most recent, the AR6 from IPCC, launched in the beginning of 2023, demonstrated
serious concerns about NDCs announced from Paris Agreement member countries.
Targets on the NDCs will not be enough to limit global warming under 2°C above pre-
industrial levels, according to the research done on chapter 2. Regulators need to step in
and make policies towards global climate goals.

In Brazil, REC’s market is voluntary, and it is being used by companies who have
commitments towards a low carbon consumption, however the supply of certificates in

voluntary market is much bigger than demand. Analyzing I-RECs voluntary markets,
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which are being traded at around USD 0.30/MWh, it can be concluded that RECs in Brazil
still do not have economic impact on project to be considered a replacement over
subsidies and spur RES expansion by itself. Policy makers might improve those
mechanisms.

On section 2.3, carbon markets were studied. They used to be mandatory, and
prices reached USD 35/tCO2 between 2007 and 2008. The Article 6 of the Paris
Agreement defines that a country could reduce more than its declared NDC and voluntarily
transfer their mitigation outcomes to other countries, creating a voluntary emissions
trading mechanism. With the rules of Article 6 have been settled, Voluntary Carbon
Markets have grown faster in 2021, reaching a value of USD 2 billion, with near 500 million
credits traded. Besides the number of credits issued, prices also went up from 2020 to
2021, around 60%, which added more value to this market. Renewable energy was the
second biggest market, with a volume of 211.4 million credits and a value of USD 479.1
million. Prices for RES carbon credits were at USD 2.26/MWh, on average.

Voluntary REC and carbon market together might give additional revenue to
investors to replace RES subsidies. It could keep spurring their growth and to allocate
costs to polluting sources instead of residential consumers. Furthermore, to achieve
NDC'’s goals for GHG emissions reduction until 2030, it will be necessary to implement a
carbon price mechanism.

Besides, there are other incentives to sustainable projects like international
initiatives to fund those projects, studied on section 4.2.2. For example, Chile established
a framework for the emissions of Green Bonds by the government. The United States
signed the Inflation Reduction Act of 2022, with the intention of significantly reducing the
country's carbon emissions by the end of this decade, allocating roughly USD 400 billion
in federal funds for clean energy. And the EU redirected around 41% of the RRF,
approximately EUR 203 billion to fund action towards reducing GHG emissions.

In a nutshell, this thesis concludes that Brazil is following best international
practices by switching subsidies for market mechanisms, like carbon credits trading, and

doing this transition gradually and slow, eventually even excessively slow.



94

REFERENCES

ANAYA, Karim L.; POLLITT, Michael G. Going smarter in the connection of distributed
generation. Energy Policy, [S. I.], v. 105, n. February, p. 608-617, 2017. DOI:
10.1016/j.enpol.2017.01.036. Disponivel em:
http://dx.doi.org/10.1016/j.enpol.2017.01.036.

ANDRILLON, F. et. al. Making Business Sense: How RE100 Companies have an
Edge on Their Peers. Capgemini Invent and The Climate Group: 2018. Disponivel em:
https://www.capgemini.com/wp-content/uploads/2018/09/RE100 POV.pdf. Acesso em:
11 mar. 2022.

ANEEL. Resolugdo Normativa n® 77, de 18 de agosto de 2004. Estabelece os
procedimentos vinculados a reducédo das tarifas de uso dos sistemas elétricos de
transmissédo e de distribui¢cdo. Disponivel em:
http://www?2.aneel.gov.br/cedoc/ren2004077.pdf. Acesso em: 24 abr. 2023.

ANEEL. Resolugdo Normativa n° 688, de 1° de dezembro de 2015. Aprova a reviséo
do Mdédulo 5 do PRODIST e altera a Resolucdo Normativa n° 506. Brasilia: 2015a
Disponivel em: https://www?2.aneel.gov.br/cedoc/ren2015688.html. Acesso em: 24 abr.
2023.

ANEEL. Resolugdo Normativa n° 687, de 24 de novembro de 2015. Altera a
Resolucdo Normativa n° 482, de 17 de abril de 2012, e os médulos 1 e 3 do PRODIST.
Brasilia: 2015b. Disponivel em: https://www?2.aneel.gov.br/cedoc/ren2015687.pdf.
Acesso em 24 abr. 2023.

ANEEL. Resolucdo Homologatoria n® 2.412 de 3 de julho de 2018. Brasilia: 2018.
Disponivel em: http://www?2.aneel.qgov.br/cedoc/reh20182412ti.pdf. Acesso em: 24 mar.
2022.

ANEEL. Resolucdo Homologatdéria n° 2.568, de 2 de julho de 2019. Brasilia: 2019.
Disponivel em: https://www?2.aneel.gov.br/cedoc/reh20192568ti.pdf. Acesso em: 24 mar.
2022.

ANEEL. Resolucdo Homologatéria n° 2.719, de 30 de junho de 2020. Brasilia: 2020.
Disponivel em: https://www2.aneel.gov.br/cedoc/ren20202719ti.pdf. Acesso em: 24 mar.
2022.

ANEEL. Resolugao Normativa n°® 1000, de 7 de dezembro de 2021. Estabelece as
Regras de Prestacao do Servico Publico de Distribuicdo de Energia Elétrica. Brasilia: 7
de dezembro de 2021a. Disponivel em:
https://www2.aneel.gov.br/cedoc/ren20211000.html. Acesso em: 24 abr. 2023.

ANEEL. Resolugdo Homologatéria n°® 2.890, de 29 de junho de 2021. Brasilia: 29 de
junho de 2021b. Disponivel em: http://www2.aneel.gov.br/cedoc/reh20212890ti.pdf.
Acesso em: 01 mai. 2023.




95

ANEEL. Custo da energia que chega aos consumidores. Brasilia: 24 de fevereiro de
2022a. Disponivel em: https://www.gov.br/aneel/pt-br/assuntos/tarifas/entenda-a-
tarifa/custo-da-energia-que-chega-aos-consumidores. Acesso em: 01 mai. 2023.

ANEEL. Classes de Consumo. Brasilia: 24 de fevereiro de 2022b. Disponivel em:
https://www.gov.br/aneel/pt-br/assuntos/tarifas/entenda-a-tarifa/classes-de-consumo.
Acesso em: 01 mai. 2023.

ANEEL. Modalidades Tarifarias. Brasilia: 24 de fevereiro de 2022c. Disponivel em:
https://www.gov.br/aneel/pt-br/assuntos/tarifas/entenda-a-tarifa/modalidades-tarifarias.
Acesso em: 01 mai. 2023.

ANEEL. Geracéo Distribuida. 2023a. Disponivel em:
https://app.powerbi.com/view?r=eyJrljoiY2VmMmUwWN20tYWFiIOS00ZDE3LWI3NDMtZ
DKONGI4MGU2NTkxliwidCI61jQwZDZmOWI4LWV|YTctNDZhMiO5SMmQOLWVhNGU5Yz
AxXNzBIMSIsImMIOjR9. Acesso em: 08 abr. 2023.

ANEEL. SAMP - Sistema de acompanhamento de Informacdes de Mercado para
Regulacdo Econdmica. 2023b. Disponivel em:
https://dadosabertos.aneel.gov.br/dataset/samp. Acesso em: 17 abr. 2023.

ANEEL. Submaddulo 5.2 - Conta de Desenvolvimento Energético — CDE. 2023c.
Disponivel em: https://www.gov.br/aneel/pt-br/centrais-de-conteudos/procedimentos-
regulatorios/proret. Acesso em: 21 abr. 2023.

ANEEL. Procedimentos de Regulacéo Tarifaria — Proret. Médulo 7 — Estrutura
Tarifaria das Concessionérias de Distribuicdo de Energia Elétrica. Submodulo 7.1 —
Procedimentos Gerais. Versao 2.8. REN n° 1060/2023d. Disponivel em:
https://www2.aneel.gov.br/cedoc/aren20231060 2 1.pdf. Acesso em: 01 mai. 2023.

ANEEL. Relatorio de Conta de Desenvolvimento Energético - CDE. [2023]a.
Disponivel em: https://portalrelatorios.aneel.gov.br/luznatarifa/contadesenvolvimento.
Acesso em: 21 abr. 2023.

ANEEL. Subsididmetro. [2023]b. Disponivel em:
https://app.powerbi.com/view?r=eyJrljoiY20Q1Y|dIZTEtMzQ2ZS000TIyLThiODctZDY2N
TRhMDFEhMmFjliwidCI6ljQwZDZmOWI4LWV|YTctNDZhMiO5MmQOLWVhNGU5YzAXN
zBIMSIsImMIiOjR9. Acesso em: 21 abr. 2023.

ASSOCIATION OF ISSUING BODIES. AIB Guaranteeing the origin of European
energy. [entre 1998 e 2023]. Disponivel em: https://www.aib-net.org/. Acesso em: 11
mar. 2022.

BADLAM, J. et. al. The Inflation Reduction Act: Here’s what’s in it. Washington, DC:
McKinsey’s Public Sector Practice: October 24, 2022. Disponivel em:
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/the-inflation-
reduction-act-heres-whats-in-it#/. Acesso em: 11 abr. 2023.




96

BANCO INTERAMERICANO DE DESENVOLVIMENTO. Documento-base para
subsidiar os dialogos estruturados sobre a elaboracdo de uma estratégia de
implementagéo e financiamento da contribui¢do nacionalmente determinada do
Brasil ao Acordo de Paris. 2018. Disponivel em:
https://antigo.mma.gov.br/images/arquivo/80051/NDC/documento_base _ndc 2 2017.p
df. Acesso em: 15 mar. 2022.

BATLLE, Carlos. A method for allocating renewable energy source subsidies among
final energy consumers. Energy Policy, [S. |.], v. 39, n. 5, p. 2586—-2595, 2011. DOI:
10.1016/j.enpol.2011.02.027. Disponivel em:
http://dx.doi.org/10.1016/j.enpol.2011.02.027.

BARTON B. Risk and promise in energy market liberalization: consumer choice in
buying electricity. Fuel Energy, 2000; 41:158. https://doi.org/10.1016/s0140-
6701(00)93138-2.

BCB. Calculadora do cidadéo — correcéao de valores. 2023. Disponivel em:
https://www3.bcb.gov.br/CALCIDADAQO/publico/exibirFormCorrecaoValores.do?method
=exibirFormCorrecaoValores. Acesso em: 17 abr. 2023.

BLOOMBERGNEF. Scale-up of Solar and Wind Puts Existing Coal, Gas at Risk.
2020. Disponivel em: https://about.bnef.com/blog/scale-up-of-solar-and-wind-puts-
existing-coal-gas-at-risk/# ftnl. Acesso em: 13 mar. 2022.

BLOOMBERGNEF. 2H 2022 Levelized Cost of Electricity Update. 2022. Disponivel
em: https://about.bnef.com/blog/2h-2022-levelized-cost-of-electricity-update/. Acesso
em: 19 abr. 2023.

BNDES. Fundo Clima — Subprograma Energias Renovaveis. [20197]. Disponivel em:
https://www.bndes.qgov.br/wps/portal/site/home/financiamento/produto/fundo-clima-
energias-renovaveis. Acesso em: 15 mar. 2022.

BRASIL. Lei n. 9.427, de 26 de dezembro de 1996. Institui a Agéncia Nacional de
Energia Elétrica — ANEEL, disciplina o regime das concessdes de servi¢cos publicos de
energia elétrica e da outras providéncias. Brasilia: 26 de dezembro de 1996. Disponivel
em: https://www.planalto.gov.br/ccivil_03/leis/I9427compilada.htm. Acesso em: 01 mai.
2023.

BRASIL. Lei n. 10.438, de 26 de abril de 2002. Dispde sobre a expanséo da oferta de
energia elétrica emergencial, recomposicao tarifaria extraordinaria, cria o Programa de
Incentivo as Fontes Alternativas de Energia Elétrica (Proinfa), a Conta de
Desenvolvimento Energético (CDE), dispde sobre a universaliza¢cdo do servigo publico
de energia elétrica, da nova redacao as Leis no 9.427, de 26 de dezembro de 1996, no
9.648, de 27 de maio de 1998, no 3.890-A, de 25 de abril de 1961, no 5.655, de 20 de
maio de 1971, no 5.899, de 5 de julho de 1973, no 9.991, de 24 de julho de 2000, e da
outras providéncias. Brasilia: 26 de abrii de 2002. Disponivel em:
https://www.planalto.gov.br/ccivil_03/leis/2002/110438.htm. Acesso em: 24 abr. 2023.




97

BRASIL. Decreto n. 5.025, de 30 de margo de 2004. Regulamenta o inciso | e os 88 1°,
2°, 3%, 4° e 5° do art. 3° da Lei no 10.438, de 26 de abril de 2002, no que dispdem sobre
o Programa de Incentivo as Fontes Alternativas de Energia Elétrica — PROINFA, primeira
etapa, e da outras providéncias. Brasilia: 30 de marco de 2004. Disponivel em:
https://www.planalto.gov.br/ccivil_03/ Ato2004-2006/2004/Decreto/D5025.htm. Acesso
em: 24 abr. 2023.

BRASIL. Medida Provisdria n. 998, de 1° de setembro de 2020. Brasilia: 1° de
setembro de 2020. Disponivel em: http://www.planalto.gov.br/ccivil 03/ ato2019-
2022/2020/Mpv/mpv998.htm. Acesso em: 24 abr. 2023.

BRASIL. Lei n. 14.120, de 1° de marc¢o de 2021. Brasilia: 10 de junho de 2021.
Disponivel em: https://www.planalto.gov.br/ccivil 03/ ato2019-
2022/2021/lei/L14120.htm#:~:text=De%201%C2%BA%20de%20setembro%20de,de%?2
Odistribui% C3%A7%C3%A30%20conectadas%20a0%20SIN. Acesso em: 24 abr. 2023.

BRASIL. Lei n. 14300, de 6 de janeiro de 2022. Institui 0 marco legal da microgeracao
e minigeracao distribuida, o Sistema de Compensacéo de Energia Elétrica (SCEE) e o
Programa de Energia Renovavel Social (PERS). Brasilia: 6 de janeiro de 2022. Disponivel
em: https://www.planalto.gov.br/ccivil 03/ ato2019-2022/2022/1ei/114300.htm. Acesso
em: 01 mai. 2023.

CCEE. Agentes. 2021. Disponivel em:
https://www.ccee.org.br/relatoriodeadministracao/30-mercado-10-1.html. Acesso em: 08
abr. 2023.

CCEE. Entenda o modelo brasileiro. 2020. Disponivel em:
https://www.ccee.org.br/portal/faces/pages publico/onde-
atuamos/setor_eletrico? afrLoop=14896911931864& adf.ctrl-
state=28i2bitzu_1#!%40%40%3F afrLoop%3D14896911931864%26 adf.ctrl-
state%3D28i2bitzu_5. Acesso em: 23 de novembro de 2020.

CCEE. Regras de Comercializagdo — CCEE. [2023]. Disponivel em:
https://www.ccee.org.br/web/guest/mercado/regras-de-comercializacao . Acesso em: 14
mar. 2023.

CCEE. Acervo CCEE. 2023a. Disponivel em:
https://www.ccee.org.br/web/guest/acervo-ccee. Acesso em: 09 abr. 2023.

CCEE. InfoLeildo. 2019b. Disponivel em:
https://www.ccee.org.br/documents/80415/919432/InfoLeilao 30LENAG.pdf/0a2cce3f-
6283-227¢-0336-c297bcb4ac73. Acesso em: 13 mar. 2022.

CCEE. Geracéo de energia renovavel bateu recorde em 2022, aponta CCEE. 2023b.
Disponivel em: https://www.ccee.org.br/web/quest/-/cenario-de-energia-renovavel-
bateu-recorde-em-2022-aponta-ccee. Acesso em: 08 abr. 2023.




98

CDP. Who we are. [2023]. Disponivel em: https://www.cdp.net/en/info/about-us. Acesso
em: 09 abr. 2023.

CHUANG, Jules; LIEN, Hsing Lung; DEN, Walter; ISKANDAR, Luvian; LIAO, Pei Hsuan.
The relationship between electricity emission factor and renewable energy certificate:
The free rider and outsider effect. Sustainable Environment Research, [S. |.], v. 28, n.
6, p. 422-429, 2018. DOI: 10.1016/j.serj.2018.05.004. Disponivel em:
https://doi.org/10.1016/j.ser|.2018.05.004.

DAGLISH, Toby; DE BRAGANCA, Gabriel Godofredo Fiuza; OWEN, Sally; ROMANO,
Teresa. Pricing effects of the electricity market reform in Brazil. Energy Economics, [S.
l.], v. 97, p. 105197, 2021. DOI: 10.1016/j.eneco0.2021.105197. Disponivel em:
https://doi.org/10.1016/j.eneco.2021.105197.

Dashboard Dcide. 2022. Disponivel em: https://www.denergia.com.br/dashboard.
Acesso em: 18 abr. 2022.

ELETROBRAS. PROINFA — Contrato de Compra e Venda de Energia — Fonte
Edlica. Rio de Janeiro: 30 de junho de 2004a. Disponivel em:
https://eletrobras.com/pt/SiteAssets/Forms/Allltems.aspx?RootFolder=%2fpt%2{Site Ass
ets%2fPaginas%2fProinfa&FolderCTID=0x0120000A7CE3DFE845C24BA461BD112E9
OCCDS5. Acesso em: 18 abr. 2023.

ELETROBRAS. PROINFA — Contrato de Compra e Venda de Energia — Fonte
Biomassa. Rio de Janeiro: 30 de junho de 2004b. Disponivel em:
https://eletrobras.com/pt/SiteAssets/Forms/Allitems.aspx?RootFolder=%2fpt%2{Site Ass
ets%2fPaginas%2fProinfa&FolderCTID=0x0120000A7CE3DFE845C24BA461BD112E9
OCCDS5. Acesso em: 18 abr. 2023.

ELETROBRAS. PROINFA — Contrato de Compra e Venda de Energia — Fonte PCH.
Rio de Janeiro: 30 de junho de 2004c. Disponivel em:
https://eletrobras.com/pt/SiteAssets/Forms/Allltems.aspx?RootFolder=%2fpt%2{Site Ass
ets%2fPaginas%2fProinfa&FolderCTID=0x0120000A7CE3DFE845C24BA461BD112E9
OCCDS5. Acesso em: 18 abr. 2023.

EPA. U.S. Environmental Protection Agency. [2022]. Disponivel em:
https://www.epa.gov/. Acesso em: 11 mar. 2022.

EPE. Balango Energético Nacional 2006: ano base 2005: Sumaéario Executivo. Rio
de Janeiro: EPE, 2006. Disponivel em: https://www.epe.gov.br/sites-pt/publicacoes-
dados-abertos/publicacoes/PublicacoesArquivos/publicacao-140/topico-123/Sumario
Executivo 2006.pdf. Acesso em: 22 mar. 2022.

EPE. Balango Energético Nacional 2020: Ano base 2019. Rio de Janeiro: EPE,
2020a. Disponivel em: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/PublicacoesArquivos/publicacao-479/topico-528/BEN2020_sp.pdf.
Acesso em: 11 mar. 2022.




99

EPE. Plano Decenal de Expanséao de Energia 2029. Rio de Janeiro: EPE, 2020b.
Disponivel em: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/Documents/PDE 2029.pdf. Acesso em: 15 mar. 2022.

EPE Plano Decenal de Expansé&o de Energia 2030. Rio de Janeiro: EPE, 2021a.
Disponivel em: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/PublicacoesArquivos/publicacao-490/PDE

2030 _RevisaoPosCP_rv2.pdf. Acesso em: 22 mar. 2022.

EPE. Caderno de Precos da Geracéao 2021. Rio de Janeiro, Agosto 2021b. Disponivel
em: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/Publishinglmages/pt/publicacoes-dados-
abertos/publicacoes/caderno-de-precos-da-
geracao/CadernodePre%C3%A70sdeGera%C3%A7%C3%A30 r0.pdf. Acesso em: 22
Abr. 2023.

EPE. Balanco Energético Nacional 2021: Ano Base 2020. Rio de Janeiro: EPE,
2021a. Disponivel em: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/PublicacoesArquivos/publicacao-601/topico-596/BEN2021.pdf.
Acesso em 22 mar. 2022.

EPE. Anuério Estatistico de Energia Elétrica 2022 — Workbook. Rio de Janeiro:
EPE, 2022a. Disponivel em: https://www.epe.gov.br/pt/publicacoes-dados-
abertos/publicacoes/anuario-estatistico-de-energia-eletrica. Acesso em: 08 abr. 2023.

EPE. Balango Energético Nacional 2022: Relatorio Sintese 2022 - Ano base 2021.
Rio de Janeiro: EPE, 2022b. Disponivel em: https://www.epe.gov.br/sites-
pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-675/topico-
631/BEN_Sintese 2022 PT.pdf. Acesso em: 5 jun. 2022.

EPE. Plano Decenal de Expanséo de Energia 2031. Rio de Janeiro: EPE, 2022c.
Disponivel em: https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/PublicacoesArquivos/publicacao-607/topico-
637/PDE%202031 RevisaoPosCP_rvFinal v2.pdf. Acesso em: 24 abr. 2023.

EUROPEAN COMMISSION. European Green Deal: EU agrees stronger legislation
to accelerate the rollout of renewable energy. Brussels: March 2023a. Disponpivel
em: https://ec.europa.eu/commission/presscorner/detail/en/ip_23 2061. Acesso em : 16
abr. 2023.

EUROPEAN COMMISSION. The Recovery and Resilience Facility. Brussels: [20237?].
Disponivel em: https://commission.europa.eu/business-economy-euro/economic-
recovery/recovery-and-resilience-facility en. Acesso em: 16 abr. 2023.

EUROPEAN COMMISSION. Recovery and Resilience Facility: Two years on a
unique instrument at the heart of the EU’s green and digital transformation. Brussels:
February 2023b. Disponivel em: https://commission.europa.eu/system/files/2023-




100

02/COM 2023 99 1 EN.pdf. Acesso em: 16 abr. 2023.

EUROPEAN COMMISSION. REPowerEU: A plan to rapidly reduce dependence on
Russian fossil fuels and fast forward the green transition. Brussels: May 2022.
Disponivel em: https://ec.europa.eu/commission/presscorner/detail/en/ip 22 3131.
Acesso em: 16 abr. 2023.

FERREIRA, Pedro Guilherme Costa; OLIVEIRA, Fernando Luiz Cyrino; SOUZA,
Reinaldo Castro. The stochastic effects on the Brazilian Electrical Sector. Energy
Economics, [S. I.], v. 49, p. 328-335, 2015. DOI: 10.1016/j.eneco0.2015.03.004.
Disponivel em: http://dx.doi.org/10.1016/j.enec0.2015.03.004.

Forest Trends’ Ecosystem Marketplace. The Art of Integrity: State of Voluntary
Carbon Markets, Q3 Insights Briefing. Washington DC: Forest Trends Association,
2022.

GEF. Funding. [20237?]. Disponivel em: https://www.thegef.org/who-we-are/funding.
Acesso em: 15 mar. 2023.

HART, Stuart L.; DOWELL, Glen. A natural-resource-based view of the firm: Fifteen
years after. Journal of Management, [S. |.], v. 37, n. 5, p. 1464-1479, 2011. DOI:
10.1177/0149206310390219.

HULSHOF, Daan; JEPMA, Catrinus; MULDER, Machiel. Performance of markets for
European renewable energy certificates. Energy Policy, [S. |], v. 128, n. September
2018, p. 697-710, 2019. DOI: 10.1016/j.enpol.2019.01.051. Disponivel em:
https://doi.org/10.1016/j.enpol.2019.01.051.

I-REC Standard. I-RECs for Electricity. [2022]. Disponivel em:
https://www.irecstandard.org/the-i-rece-code-i-recs-for-electricity/#/. Acesso em: 11 mar.
2022.

I-REC Standard. About The I-REC Standard Foundation. [2023]. Disponivel em:
https://www.irecstandard.org/about-us/. Acesso em: 25 mar. 2023.

I-REC Standard. 2023 Market Statistics - March. 2023b. Disponivel em:
https://www.irecstandard.org/documents/#/. Acesso em: 19 abr. 2023.

I-REC Standard. Fee structure for market players. 2023a. Disponivel em:
https://www.irecstandard.org/fee-structure-for-market-players/#/. Acesso em: 19 abr.
2023.

IEA. Electricity. [20217?]. Disponivel em: https://www.iea.org/fuels-and-
technologies/electricity. Acesso em: 14 mar. 2022.

IEA. Lessons from Liberalised Electricity Markets. CESifo DICE Report, [S. |], v. 4, n. 2,
p. 24-29, 2005.



101

IEA. Re-powering Markets: Market design and regulation during the transition to low-
carbon power systems. Paris: Second Edition, March 2016.

IPCC. AR6 Synthesis Report Climate Change 2023. Geneva: 2023. Disponivel em:
https://www.ipcc.ch/report/ar6/syr/. Acesso em: 12 abr. 2023.

IRENA. Renewable Power Generation Costs in 2019. International Renewable Energy
Agency: Abu Dhabi, 2020. Disponivel em: https://www.irena.org/-https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2020/Jun/IRENA _Power_Generation_Costs 20
19.pdf?rev=77ebbael10ca34ef98909a59e39470906. Acesso em: 24 abr. 2023.

ISEB3. O que é o ISE B3. [2019]. Disponivel em: https://www.iseb3.com.br/o-que-e-o-
ise. Acesso em: 11 mar. 2022.

JO, Hoje; KIM, Hakkon; PARK, Kwangwoo. Corporate Environmental Responsibility and
Firm Performance in the Financial Services Sector. Journal of Business Ethics, [S. I.],
v. 131, n. 2, p. 257-284, 2015. DOI: 10.1007/s10551-014-2276-7. Disponivel em:
http://dx.doi.org/10.1007/s10551-014-2276-7.

KAMERSCHEN, David R.; PORTER, David V. The demand for residential, industrial and
total electricity, 1973-1998. Energy Economics, [S. |], v. 26, n. 1, p. 87-100, 2004.
DOI: 10.1016/S0140-9883(03)00033-1.

KAY, Alastair. Subsidy-free solar in the UK? Renewable Energy Focus, [S. |], v. 16, n.
2, p. 38-40, 2015. DOI: 10.1016/S1755-0084(15)30051-X. Disponivel em:
http://dx.doi.org/10.1016/S1755-0084(15)30051-X.

KURIYAMA, Akihisa; ABE, Naoya. Ex-post assessment of the Kyoto Protocol —
guantification of CO2 mitigation impact in both Annex B and non-Annex B countries-.
Applied Energy, [S. I.], v. 220, n. March, p. 286—-295, 2018. DOI:
10.1016/j.apenergy.2018.03.025. Disponivel em:
https://doi.org/10.1016/j.apenergy.2018.03.025.

LEAL FI, REGO EE, DE OLIVEIRA RIBEIRO C. Natural gas regulation and policy in
Brazil: Prospects for the market expansion and energy integration in Mercosul. Energy
Policy 2019; 128:817-29. https://doi.org/10.1016/j.enpol.2019.01.030.

LI, Hong Xian; EDWARDS, David J.; HOSSEINI, M. Reza; COSTIN, Glenn P. A review
on renewable energy transition in Australia: An updated depiction. Journal of Cleaner
Production, [S. ], v. 242, p. 118475, 2020. DOI: 10.1016/}.jclepro.2019.118475.
Disponivel em: https://doi.org/10.1016/j.jclepro.2019.118475.

MARTEK, Igor; HOSSEINI, M. Reza; SHRESTHA, Asheem; ZAVADSKAS, Edmundas
Kazimieras; SEATON, Stewart. The sustainability narrative in contemporary
architecture: Falling short of building a sustainable future. Sustainability (Switzerland),
[S. L], v. 10, n. 4, 2018. DOI: 10.3390/su10040981.

MCTI. Cenarios do Projeto Opcdes de Mitigacdo de Emissdes de Gases de Efeito



102

Estufa em Setores-Chave do Brasil. [20--]. Disponivel em: https://www.gov.br/mcti/pt-
br/acompanhe-o-mcti/sirene/dados-e-ferramentas/cenarios. Acesso em: 14 mar. 2022.

MCTI. Fator médio — Inventarios corporativos. 2023. Disponivel em:
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/sirene/dados-e-ferramentas/fatores-de-
emissao. Acesso em: 11 abr. 2023.

MME. Proposta de aprimoramento do marco legal do setor elétrico. 2017.
Disponivel em: http://antigo.mme.gov.br/c/document _library/get file?uuid=7065f74c-
d139-d957-a3dd-d14bac73604c&qaroupld=36131. Acesso em: 11 mar. 2022.

MME. Regulamentacé&o do 8§ 3° do artigo 15 da Lei n® 9.074, de 7 de julho de 1995.
2019. Disponivel em:

http://antigo.mme.qgov.br/c/document_library/get file?uuid=8c064918-9520-bf9c-f6f9-
d82cf41fd125&qgroupld=36122. Acesso em: 11 mar. 2022.

MULLER, R. B. Privatizacdes das empresas brasileiras de distribuicdo de energia
elétrica: resultados de longo prazo e novas propostas. Dissertacdo (Mestrado em
Ciéncias) — Escola Politécnica, Universidade de Sao Paulo, Sdo Paulo, 2021.

ONS. O que é o SIN. [20227]. Disponivel em: http://www.ons.org.br/paginas/sobre-o-
sin/o-que-e-o-sin. Acesso em: 8 mar. 2022.

ONS. Acesso arede de transmissao. 2022. Disponivel em:
https://www.ons.org.br/Paginas/Noticias/20230105-acesso-a-rede-de-transmissao.aspx.
Acesso em: 15 mar. 2023.

PARENTE, V. et. Al. Energia: o Desafio das Agéncias Reguladoras. Sao Paulo:
Instituto Acende Brasil, 2007.

PINTER, Patricia; YADAV, Kanchan. Reckoning with renewables: Appetite for I-
RECs grows amid tightening of carbon credit rules. 2022. Disponivel em:
https://www.spglobal.com/commaodity-insights/en/market-insights/latest-news/energy-
transition/022822-reckoning-with-renewables-appetite-for-i-recs-grows-amid-tightening-
of-carbon-credit-rules. Acesso em: 22 mar. 2022.

RATHMANN, Régis; VIEIRA ARAUJO, Ricardo; ROJAS DA CRUZ, Marcio; MARCOS
MENDONCA, Antonio. TRAJETORIAS DE MITIGACAO E INSTRUMENTOS DE
POLITICAS PUBLICAS PARA ALCANCE DAS METAS BRASILEIRAS NO ACORDO
DE PARIS. Brasilia: 2017. Disponivel em: www.mcti.gov.br. Acesso em: 8 mar. 2022.

REN21. Renewables 2019 Global Status Report. Paris: REN 21 Secretariat, 2019.
REPUBLIC OF CHILE. Green Bond Framework. [S. ], 2019.

RE100. About us. [2023]. Disponivel em: https://www.there100.org/about-us. Acesso
em: 22 abr. 2023.




103

ROCKMANN, R (Organizador). 20 Anos do Mercado Brasileiro de Energia Elétrica.
2018. 1 ed. Séo Paulo: CCEE 2019. 236p.

SALOMAO, Alexa. Corrida para ter subsidio de energia solar leva ao cadastramento de
duas Itaipus em trés meses. Folha de Sdo Paulo, Sdo Paulo, 31 Jan. 2023. Disponivel
em: https://wwwl.folha.uol.com.br/mercado/2023/01/corrida-para-ter-subsidio-de-
energia-solar-leva-ao-cadastramento-de-duas-itaipu-em-tres-meses.shtml. Acesso em:
17 mar. 2023.

SHIN, Hyunju; ELLINGER, Alexander E.; NOLAN, Helenka Hopkins; DECOSTER, Tyler
D.; LANE, Forrest. An Assessment of the Association Between Renewable Energy
Utilization and Firm Financial Performance. Journal of Business Ethics, [S. |.], v. 151,
n. 4, p.1121-1138, 2018. DOI: 10.1007/s10551-016-3249-9.

SOARES, Munir Younes. O papel da bioeletricidade no contexto da integracao das
fontes renovaveis variaveis e do processo de descarbonizagcédo do Sistema
Interligado Brasileiro. 2020. Tese (Doutorado em Ciéncias) - Escola Politécnica da
Universidade de S&o Paulo:, Sdo Paulo, 2020.

SOUZA, T. S.; FARIA, J. A. Value added statement (DVA): An analysis of wealth
Generation and distribution of companies listed in the corporate sustainability index
(ISE)-BE. Revista de Gestao, Financas e Contabilidade, [S. |], v. v.8, n. n.2, p. 137—-
154, 2018.

TAYLOR, Michael. Energy subsidies: Evolution in the global energy transformation
to 2050. International Renewable Agency: Abu Dhabi, 2020. Disponivel em:
https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2020/Apr/IRENA_Energy subsidies 2020.pdf?r
ev=123c8d330f694d53b26a43d43684204b. Acesso em: 24 abr. 2023.

THE WORLD BANK. What is Carbon Pricing? | Carbon Pricing Dashboard. [20227].
Disponivel em: https://carbonpricingdashboard.worldbank.org/what-carbon-pricing.
Acesso em: 22 mar. 2022.

THE WORLD BANK. World Bank Environmental and Social Framework.
Washington, DC: 2016. Disponivel em: www.worldbank.org. Acesso em: 17 mar. 2022.

THE WORLD BANK. Engaging With Investors on Environmental, Social, and
Gonvernan (ESG) Issues: A World Bank Guide for Sovereign Debt Managers. [S. |.],
2020.

UNFCCC. Nationally determined contribution synthesis report. 2021. Disponivel
em:

https://unfccc.int/sites/default/files/resource/message to parties and observers on nd
c_numbers.pdf. Acesso em: 23 ago. 2022.

UNFCCC. Report of the Conference of the Parties serving as the meeting of the



104

Parties to the Paris Agreement on its third session, held in Glasgow from 31
October to 13 November 2021. 2022a. Disponivel em:
https://unfccc.int/sites/default/files/resource/cma2021 10a0l1E.pdf. Acesso em: 23 ago.
2022.

UNFCCC. Article 6.4 Supervisory Body Kickstarts Work Anchoring Markets in
Broader Paris Context . 2022b. Disponivel em: https://unfccc.int/news/article-64-
supervisory-body-kickstarts-work-anchoring-markets-in-broader-paris-context. Acesso
em: 23 ago. 2022.

UNFCCC. KYOTO PROTOCOL TO THE UNITED NATIONS FRAMEWORK
CONVENTION ON CLIMATE CHANGE. 1998. Disponivel em:
https://unfccc.int/resource/docs/convkp/kpeng.pdf. Acesso em: 8 mar. 2022.

UNFCCC. The Paris Agreement. 2016. Disponivel em:
https://unfccc.int/sites/default/files/resource/parisagreement publication.pdf. Acesso em:
8 mar. 2022.

VAN DER HEIJDEN, Jeroen. On the potential of voluntary environmental programmes
for the built environment: a critical analysis of LEED. Journal of Housing and the Built
Environment, [S. |], v. 30, n. 4, p. 553-567, 2015. DOI: 10.1007/s10901-014-9428-z.
Disponivel em: http://dx.doi.org/10.1007/s10901-014-9428-z.

WURSTER, Stefan; HAGEMANN, Christian. Expansion of Renewable Energy in Federal
Settings: Austria, Belgium, and Germany in Comparison. Journal of Environment and
Development, [S. I.], v. 29, n. 1, p. 147-168, 2020. DOI: 10.1177/1070496519887488.

ZHANG, Qi; WANG, Ge; LI, Yan; LI, Hailong; MCLELLAN, Benjamin; CHEN, Siyuan.
Substitution effect of renewable portfolio standards and renewable energy certificate
trading for feed-in tariff. Applied Energy, [S. |], v. 227, n. August 2017, p. 426—435,
2018. DOI: 10.1016/j.apenergy.2017.07.118.



