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ABSTRACT 

 

The Real Options theory (“ROT”) states that firms should be approached as a 

combination of real assets and real options. Even though a significant amount of 

research has been done on the topic, it is still unclear to which extent domestic equity 

research analysts build on ROT to evaluate companies in contexts where options are 

likely to be a relevant source of value. After reviewing 344 (from a total estimated 368) 

equity research reports or analyses on Brazilian listed power generation companies 

produced between December 31, 2020, and April 30, 2021, we find that only discounted 

cash flow (“DCF”) valuation techniques are applied. No single mention to ROT is made. 

To estimate the magnitude of such potential misvaluations, we use the Black-Scholes 

method to price the official growth plans made publicly available by each of those 15 

companies between December 2020 and April 2021 and compare the outcome with the 

analysts’ forecasted equity value upside for each company. Our results suggest that 

local equity research analysts have ignored a sizeable intrinsic value to these 

companies by failing to incorporate ROT to their Target Price calculations. Behavioral 

biases, technical limitations, lack of ongoing sector change perception, and low power 

sector representativeness at IBOVESPA may explain this phenomenon. Overall, our 

research highlights the need for local analysts to adjust their traditional DCF-based 

approaches to capital-intensive companies in an increasingly de-regulated 

environment, incorporating techniques better suited to capture (not discount) the value 

of such increasing volatility.  

 

Keywords: Real Options, DCF, misvaluations, equity research, volatility. 

  

  



 

 

 

RESUMO 

 

A teoria de Opções Reais (“TOR”) postula que as firmas são uma combinação 

de dois tipos de ativos: ativos reais e opções reais. Apesar de grande quantidade de 

pesquisas realizadas desde que a TOR foi originalmente formulada, os analistas de 

pesquisa de ações no Brasil pouco utilizam esta ferramenta como instrumento de 

avaliação de empresas, mesmo em circunstâncias em que as opcionalidades poderiam 

representar fonte expressiva de valor. Após rever 344 (de um total estimado em 368) 

relatórios ou análises de ações sobre as empresas listadas de geração de energia 

elétrica no Brasil, produzidos entre 31 de dezembro de 2020 e 30 de abril de 2021, 

constatamos que apenas as metodologias de fluxo de caixa descontado (“FCD”) foram 

utilizadas. Nenhuma referência à TOR foi feita. Para estimar a magnitude da sub-

avaliação potencial destas empresas, aplicamos o método de Black-Scholes para 

precificar os planos de crescimento tornados públicos por estas empresas entre 

dezembro de 2020 e abril de 2021 e comparamos o resultado com o potencial de 

apreciação de cada ação, conforme previsto pelos analistas de pesquisa de ações. Os 

resultados sugerem que os analistas têm ignorado um valor intrínseco expressivo ao 

não incorporarem TOR aos cálculos de preço-alvo das ações. Vieses 

comportamentais, limitações técnicas, falhas de percepção quanto a mudanças 

setoriais em curso e baixa representatividade das empresas de geração elétrica no 

IBOVESPA podem explicar este fenômeno. Nossa pesquisa destaca a importância de 

os analistas locais de pesquisa de ações ajustarem suas abordagens puramente 

baseadas em FCD para empresas intensivas em capital, em ambiente de 

desregulamentação crescente, incorporando técnicas capazes de identificar a 

volatilidade como fonte de valor, e não apenas forma de risco.  

 

Palavras-chaves: Opções Reais, FCD, sub-avaliação, pesquisa de ações, volatilidade.  
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1 INTRODUCTION 

 

When Myers (1977) introduced the Real Options Theory (ROT), he argued firms 

should be approached as a combination of two types of assets: real assets and real 

options. Conversely, firm valuations should comprise discounted cash flows and the 

present value of real options (RO’s).   

Traditional valuation (DCF) theory assumes firms’ capital budgeting decisions 

are static (a “go-or-no-go” approach). ROT asserts the right to undertake a specific 

future move could maximize firm value (when uncertainty is reduced or dissipated) (a 

dynamic approach). Especially when uncertainty is high (e.g., the COVID-19 pandemic 

period, election years, or simply a business cycle downturn imminence), ignoring the 

value of all available options (e.g., puts and/or calls) may end up undervaluing a project 

or firm under analysis. DCF either ignores high uncertainty associated cash flows or 

penalizes their present values through higher discount rates. Following the opposite 

route, the higher the uncertainties, the more valuable the RO. As a result: (i) a negative 

NPV project based only on a DCF valuation may be reverted after accounting for RO’s, 

and (ii) projects with RO’s are at least as valuable as equivalent ones without RO’s.     

The capacity to enhance the expected value of projects under uncertainty makes 

ROT particularly suitable for assessing the value of capital-intensive projects, such as 

those in power generation (Ceseña, Mutale and Rivas-Dávalos, 2013). Such 

importance has increased due to deeper environmental concerns, power market 

deregulation, and global dependence on electricity to sustain future GDP growth. The 

more deregulated a business activity (which is increasingly the case with power 

generation in Brazil), the higher the associated uncertainties and implied RO value.    

While Trigeorgis (1996) and Amram and Kulatilaka (1998) have undertaken RO-

related case studies in the energy industry, other authors approached RO’s in Brazil’s 

thermal generation industry (e.g., Moreira, Rocha and David, 2004; and de Moraes 

Marreco and Carpio, 2006) or addressed growth RO’s in the local distribution sector 

(Alonso Bonis, Azofra Palenzuela and de la Fuente Herrero, 2009). Their publications 

inspired our research, which also builds on Venetsanos, Angelopoulou and Tsoutsos 

(2002). The latter devised a framework to evaluate wind power projects in a deregulated 

power market (Greece), applied the Black-Scholes model, and compared it with the 

DCF results. However, to the best of our knowledge, no academic study on RO 
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approaches the whole set of listed Brazilian power generation players, valuing and 

comparing their RO and DCF-based growth plans, to conclude on the aggregate 

misvaluation potential. Our research aims to fill in this gap as a contribution to the 

academic literature.   

This research focuses on real growth options underlying the expansion plans 

made public by each of the 15 Brazilian power generation companies between 

December 31, 2020, and April 30, 2021. The reasons for this research outline are three: 

(i) as an emerging market with a long-term sector expansion plan, capital investments 

in power generation until 2050 are forecasted to be multi-billionaire (see Section 2.5). 

Volatile political and economic environments command RO value; (ii) the free market 

has been gaining preponderance over the regulated market for new power destination 

in Brazil. Higher deregulation calls for higher RO value; (iii) distribution and transmission 

are more regulated activities than generation, yielding little flexibility for capital 

budgeting decisions to delay, switch, scale, stage, growth or abandon a project.   

North American financial institutions have increasingly used ROT to assess the 

value of power plant projects since the early 2000s (Frayer and Uludere, 2001). On the 

industrial side, Fleten, Haugom and Ullrich (2017) performed an empirical analysis 

involving 1,121 electric power generators in the U.S. in 2001–2009 and found sound 

evidence of RO effects. They conducted statistical tests and concluded that, for large 

generation companies, the option value effect (increased cash flow uncertainty 

increases the value of an existing generator, and start-up value) dominates the 

information effect (increased cash flow uncertainty increases the “wait and see” option 

value). In the U.K. and Europe, Bakke, Fleten, Hagfors, Hagspiel, Norheim and Wogrin 

(2016) developed a RO framework to conclude on investment prospects for grid-battery 

banks in the UK and in Germany. Although both investments yield positive NPVs if able 

to operate in the spot and balanced markets, the high volatility associated with 

development costs favors the decision to postpone an investment for at least one year.  

However, this valuation mindset adjustment does not seem to have landed in the 

Brazilian equity research community covering the domestic power generation sector. 

Our research uncovers 344 (from a total estimated 368) equity research reports or 

analyses on the 15 Brazilian listed power generation companies produced between 

December 31, 2020, and April 30, 2021. These companies divulged or updated long-

term growth plans in this period. We find that only DCF valuation techniques are applied. 

No single reference to ROT is noted in any report or analysis. To estimate the magnitude 
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of potential misvaluations, we use the Black-Scholes method to price the referred 

publicly available growth plans and compare the outcome with the analysts’ forecasted 

equity value upside for each company. The core results indicate the consolidated 

undervaluation potential could range from 37% to 112% (bottom-up). Two special cases 

are made narrowing the initial sample, first by excluding the companies that did not 

announce expansion plans in that period, and then by eliminating the ones which 

majority EBITDA in 1Q21 did not stem from power generation. Potential undervaluation 

ranges increase, respectively, to 62% to 138% and 304% to 1,642% (bottom-up).    

Our research concludes that domestic equity research analysts have ignored a 

sizeable intrinsic value to listed Brazilian power generation companies by failing to 

incorporate ROT to Target Prices. Potential explanations rely on: (i) behavioral biases: 

decision fatigue, herding, first impressions, confirmation bias, limited attention 

(Hirshleifer, 2020). On the flip side of those growth projects, documented biases to 

project managers include: bounded rationality, hindsight, and overoptimism, which may 

be induced by agency conflicts (Garvin and Ford, 2012; Hackbarth, 2009); (ii) technical 

limitations: the challenges of developing customized valuation algorithm models that 

adequately match the analyzed project characteristics (Bowman and Moskowitz, 2001; 

and Triantis, 2005), the mathematical complexity of RO models, the lack of intuition 

associated with the solution process or the presence of restrictive assumptions 

(Brandão, Dyer and Hahn, 2005) or the structural RO methodology shortfalls (Frayer 

and Uludere, 2001); (iii) long-dated sector valuation approach: analysts have historically 

classified the domestic power sector as defensive and passive; (iv) research coverage 

prioritization: the number of listed power generation players in Brazil is limited (15). 

Moreover, only 9 of these comprised the IBOVESPA stock index in April 2021, having 

accounted for just 5% of the index’s average daily trading volume between January 

2019 and April 2021 (source: Bloomberg). These figures reduce analysts’ attention span 

to those players, underpricing the power generation de-regulation trend underway.  

This dissertation is structured as follows: Chapter 2 brings a domestic power 

industry overview. Chapter 3 covers ROT and ROT applied to the Brazilian power 

generation sector. Chapter 4 discusses the research methodology applied, focusing on 

growth options priced using the Black-Scholes model. Chapter 5 consolidates the 

results for the listed power generation companies, elaborates on two special cases, 

discusses the results in light of the RO literature, and highlights the limitations of this 

research. Chapter 6 concludes. 
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2 THE POWER SECTOR IN BRAZIL   

 

2.1 THE FEDERAL CONSTITUTION 

 

Under the Brazilian Constitution, electric power services and facilities and water 

resources to produce electric power belong exclusively to the Federal Government, 

which may operate them directly or through authorizations, concessions, or permits 

granted to third parties. 

Depending on the legal regime, electric energy services can constitute a public 

service or a business enterprise. 

Power generation services can use the traditional hydroelectric and 

thermoelectric sources of energy, as well as alternative sources such as biomass, wind, 

and solar energy. 

The Brazilian Constitution gives special treatment to hydroelectric power. It 

allows sources of hydroelectric power to be operated by private parties under 

authorization (small hydroelectric facilities) or concession (hydroelectric plants with an 

installed capacity higher than 30 MW). 

 

2.2 THE FEDERAL LAW 9,074/95  

 

With the enactment of Law 9,074/95, private parties can obtain rights to operate 

electric power generation services through concessions and assignments of rights to 

use public property and authorizations.  

Law No. 9074/1995 also introduced the possibility of private power generation 

businesses in the form of “Independent Electric Power Producers”, defined as 

companies or consortiums that hold concessions or authorizations to produce electric 

power at their own sale risk. 

The form of the authorization for generating electric power – concession, 

assignment of public property, authorization, or permission – depends on the energy 

source, the capacity of the generating station, and the users of the power produced. 

Rights to operate electric power transmission and distribution services, in 

contrast, are always granted under public service concession contracts. 
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The concessionaire is entitled to charge a rate for its services. The concession 

contract provides rate adjustments and revisions to maintain the financial and economic 

equilibrium between the parties. 

Under current legislation and regulations, holders of concessions, permits, or 

authorizations to generate, import, or sell electric power are also entitled to sell power. 

 

2.3 THE FEDERAL LAW 10,848/2004 

 

Since 2004, the industry has been regulated by the “New Electricity Sector Model 

Law” (Law 10,848/2004). Under the new model, distributors now contract 100% of their 

demand through government-sponsored auctions. The gamut of Brazilian distributors 

determines the estimated nationwide consumption, each distributor presenting the 

government with forecasts for its demand over the coming five years. 

The Brazilian constitution determines that the development and sale of electric 

energy may be directly undertaken by state-owned entities or indirectly by granting 

concessions, permissions, or authorizations. Historically, the Brazilian electric energy 

industry has been dominated by generation and transmission concessionaires 

controlled by the federal or state governments. Only recently, privately-owned 

generation concession holders managed to reach 50% market share (see Section 2.6). 

The distribution sector is already majority controlled by privately owned players.   

Companies that wish to build or operate electric generation, transmission, or 

distribution facilities in Brazil must apply to the Ministry of Mines and Energy (MME) or 

the sector regulatory agency (ANEEL), as representatives of the Brazilian government, 

for a concession, permission or authorization, as the case may be. Concessions and 

permissions are granted through proceedings or public tender, while authorizations are 

granted through simpler administrative proceedings or public auctions for power 

purchase and sale. 

The New Industry Model Law (enacted on March 15, 2004) introduced material 

changes to the regulation of the power industry, with the intention to: (i) regulate and 

incentivize private and public entities to build and operate generation capacity and (ii) 

assure the supply of electricity within Brazil at adequate tariffs through competitive 

public power auction processes.  

Key features of the New Industry Model Law include: (i) creation of two 

“environments” for the trading of electricity, including: the Regulated Market (ACR), a 
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more stable market in terms of supply of electricity (generators sell power to distribution 

companies, that resell it to “Captive Consumers”); and the Free Market (ACL), a more 

competitive and riskier environment where generators sell power directly to qualified 

“Free Consumers” (as defined moreover) and commercialization companies; (ii) 

restrictions on certain activities of distributors, which can only sell power to Captive 

Consumers; (iii) elimination of self-dealing (e.g., the vertically integrated generation-to-

distribution operation within the same economic group), in order to provide an incentive 

to distributors to purchase electricity at the lowest available prices rather than buying 

electricity from related parties; (iv) maintenance of contracts in place before the New 

Industry Model Law became effective; (v) regulations under the New Industry Model 

Law include, among others, rules related to auction procedures, the form of Power 

Purchase Agreements (PPA’s) and the method of passing costs through to Captive 

Consumers. Under these regulations, all parties who purchase electricity must contract 

their electricity demand under the New Industry Model Law guidelines. Parties that sell 

electricity must have “ballast” for their sales (i.e., the amount of energy sold in CCEE 

must be previously purchased under PPA’s and/or generated by the seller’s power 

plants).  Agents that do not comply with such requirements are subject to penalties 

imposed by ANEEL and CCEE. 

Beginning in 2005, all electricity distribution and transmission companies, 

Independent Power Producers and Free and Special Consumers (a particular type of 

free customer, as defined later in this section) are required to notify the Ministry of Mines 

and Energy (MME), by August 1 of each year, of their estimated electricity demand or 

estimated electricity generation, as the case may be, for each of the subsequent five 

years. Each distribution company is required to notify the Brazilian Electricity Regulatory 

Agency (ANEEL) within the 60 days preceding each electricity auction of the amounts 

of electricity that it intends to contract in the auction. Based on this information, ANEEL 

must determine the total amount of energy to be contracted in the Regulated Market 

and the list of generation projects allowed to participate in the auctions. 

The principal regulatory authorities at the Brazilian power are: Ministry of Mines 

and Energy (MME), National Energy Policy Council (CNPE), Brazilian Electricity 

Regulatory Agency (ANEEL), National Electrical System Operator (ONS), Electric 

Energy Trading Chamber (CCEE), Energy Research Company (EPE) and Energy 

Industry Monitoring Committee (CMSE). 
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2.4 THE REGULATORY SCENARIO  

 

 The law was also instrumental in creating two energy commercialization 

environments: ACR, a market in which the prices practiced are established through 

auctions, and which guarantees power supplies to end consumers – those served by 

the distributors; and ACL, in which the prices that are practiced can be freely negotiated.  

Within this commercialization environment, generators, free consumers, and the 

commercialization companies may all participate, paving the way for competition.  

 

2.4.1 Concessions and Authorizations 

 

Exploring services for the construction and operation of installations for 

hydroelectric generation, transmission, or electricity distribution in Brazil is undertaken 

based on concessions awarded through tender bids. Companies that wish to operate in 

commercialization or thermoelectric generation must submit a request for permission or 

authorization to the Ministry of Mines and Energy or ANEEL, as the case may be. The 

concession contracts for hydroelectricity generation run for periods from 30 to 35 years.  

Authorizations for thermoelectric generation enjoy a 30-year-term, while 

transmission and distribution contracts also have maturity terms of 30 years and are 

eligible for renewal. However, any such renewal is at the exclusive discretion of the 

Authorizing Power. 

Concessions grant rights to generate, transmit or distribute electricity in the 

specific concession area for a determined period (as opposed to permissions and 

authorizations, which may be revoked by MME). This period is, in general, 35 years for 

new generation concessions and 30 years for new transmission or distribution 

concessions. An existing generation, transmission or distribution concession may be 

renewed at MME’s discretion, in consultation with ANEEL. 

The Concession Law determines the concessionaire’s obligations when 

providing electricity services, including the need to abide by the regulations governing 

the electricity sector. The main aspects of the Concession Law can be summarized as: 

(i) adequate service: the concessionaire must render adequate service concerning 

regularity, continuity, efficiency, safety, and accessibility; (ii) use of land: it regulates the 

use of public land and expropriated private land for the benefit of the concessionaire (in 

exchange for financial compensation to the private landowner); (iii) changes of control: 
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MME, in consultation with ANEEL, is required to approve any direct or indirect changes 

in the concessionaire’s share control; (iv) granting authority intervention: ANEEL, acting 

on behalf of MME, is empowered to intervene in the concession, to ensure the 

obligations assumed in the concession contracted are fulfilled. 

Concession Law’s other contributions were: (i) concession termination: it may 

happen either as expropriation (early termination on behalf of public interest) or 

expiration (all non-amortized assets revert to the Brazilian government in exchange for 

a financial compensation); (ii) renewal: Law No. 12,783/13 of January 11, 2013, 

specified the conditions for the renewal of generation, transmission and distribution 

concessions obtained under Law No. 9,074 of July 7, 1995.  Under Law No. 12,783/13, 

these concessions may be extended once, at the discretion of the Brazilian government, 

for up to 30 years, to ensure the continuity and efficiency of the services rendered and 

low tariffs; (iii) penalties: ANEEL may impose sanctions against the participants in the 

electricity sector in order to enforce the contracts in place and the prevailing regulation; 

(iv) permissions: permissions are granted to rural power generation cooperatives that 

supply power to their members in areas not regularly served by large distributors. 

Permissions are not a material portion of the Brazilian power matrix; (v) authorizations 

are unilateral and discretionary acts carried out by ANEEL, acting on behalf of MME. 

Unlike concessions, authorizations generally do not require a public tender.  

As an exception to the general rule, authorizations may also be granted to 

potential power producers after specific auction processes to purchase power 

conducted by ANEEL. In the power generation sector, Independent Power Producers 

and self-generators hold an authorization instead of a concession.  

Independent Power Producers and self-generators do not receive public service 

concessions or permits to render public services. Instead, they are granted 

authorizations or specific concessions to explore water resources that merely allow 

them to produce, use or sell electric energy. Each authorization granted to an 

Independent Power Producer or self-power producer sets forth the rights and duties of 

the authorized company. An Independent Power Producer may sell part or all of its 

output to customers on its account and at its own risk. Upon authorization by ANEEL, a 

self-generator may sell or trade any excess energy it is unable to consume.  

Independent Power Producers and self-generators are, in general, not granted 

monopoly rights and are not subject to price controls. Independent Power Producers 



18 

 

 

compete with public utilities for large customers, pools of customers of distribution 

companies, or any customers not served by a public utility. 

 

2.4.2 Environments for the Trading of Electric Energy 

 

Under the New Industry Model Law, electricity purchase and sale transactions 

are carried out in two different segments: (i) ACR, which contemplates the purchase by 

distribution companies through public auctions of all electricity necessary to supply their 

Captive Consumers, and (ii) ACL, which contemplates the purchase of electricity by 

non-regulated entities (such as Free Consumers and energy traders). 

Electricity distribution companies fulfill their electricity supply obligations primarily 

through public auctions. Distribution companies may also purchase electricity outside 

the public auction process from: (i) generation companies that are connected directly to 

such distribution company, except for hydro generation companies with a capacity 

higher than 30 MW and certain thermo-generation companies; (ii) electricity generation 

projects participating in the initial phase of the PROINFA Program1; (iii) the Itaipu Power 

Plant; (iv) auctions administered by the distribution companies, if the market that they 

supply is no greater than 500 GWh/year; and (v) Hydroelectric Power Plants whose 

concessions have been renewed by the government under Law No. 12,783/13 of 2013.  

 

2.4.3 The Regulated Market (“ACR”) 

 

In the Regulated Market, distribution companies purchase their expected 

electricity requirements from generators through public auctions for their Captive 

Consumers. Auctions are managed by ANEEL, directly or indirectly, through CCEE. 

Electricity purchases are made through two types of bilateral agreements: (i) 

Energy Agreements (Contratos de Quantidade de Energia); and (ii) Capacity 

Agreements (Contratos de Disponibilidade de Energia).  Under an Energy Agreement2, 

a generator commits to supply a certain amount of electricity and assumes the risk that 

its electricity supply could be adversely affected by hydrological conditions and low 

 
1 PROINFA (“Programa de Incentivo às Fontes Alternativas de Energia Elétrica”) was a Federal 

Government sponsored energy program, set forth in 2002 (Law nº 10.438/2002).  It aimed for promoting 
the diversification of the Brazilian power generation sources, through financially incentivized new 
renewable energy projects (small hydroelectric, wind, solar and biomass thermal power plants). 

2 This is the case with hydroelectric, wind, solar and biomass plants.  
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reservoir levels, among other negative impacts, that could affect electricity supply. In 

such cases, the generator must purchase the electricity in the spot market to comply 

with its supply commitments. Under a Capacity Agreement3, a generator commits to 

making a specific capacity available to the Regulated Market. The generator’s revenue 

is guaranteed, and the distributors bear the risk of a supply shortage in case they have 

underestimated power demand. Together, these agreements comprise the CCEARs4. 

According to the New Industry Model Law, within certain limits (as explained 

below), electricity distribution entities are entitled to pass through to their respective 

consumers the cost of electricity they have purchased (through public auctions), as well 

as any taxes and industry charges. Concerning the granting of new concessions, the 

regulations require that new Hydroelectric Power Plant bidders should reserve a 

minimum percentage of such new capacity to supply the ACR. 

ANEEL prepares auction bid announcements in compliance with guidelines 

established by the MME, which include a requirement to use the lowest energy price as 

the criterion to determine the winner of the auction. Each generation company that 

participates in an auction executes a contract for purchase and sale of electricity (PPA) 

with each distribution company in the country, in proportion to the latter’s estimated 

demand for electricity. These PPAs vary between 15 and 30 years.  

After the completion of the auction, generators and distributors execute the 

CCEAR, in which the parties establish the price and amount of the energy contracted 

in the auction. The CCEARs provide that the price will be adjusted annually following 

the local inflation index labeled IPCA. However, companies may also use other indexes 

to adjust prices in the CCEARs, such as fuel prices5. Distributors grant generators 

financial guarantees (mainly future receivables from the distribution service) to secure 

their payment obligations under the CCEAR. 

 

2.4.4 The Free Market (“ACL”) 

 

The Free Market covers transactions between generation concessionaires, 

Independent Power Producers, self-generators, energy traders, importers of electric 

 
3 This is the case with gas and coal-fired, heavy fuel oil (HFO) and nuclear power plants. 
4 Energy Trading Agreements in the Regulated Environment (Contrato de Comercialização de Energia 

no Ambiente Regulado). 
5 This is the case with HFO, coal and gas-fired thermal power plants.  
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energy, Free Consumers, and Special Consumers. Independent Power Producers are 

generation entities that sell the totality or part of their electricity to Free Consumers, 

distribution concessionaires, and trading agents, among others. Generators generally 

sell their generation simultaneously, allocating between ACR and ACL, following trading 

strategies involving risk (counterparty concentration in ACL versus pulverized credit risk 

in ACR) and return (higher margins apply in ACL than in ACR).   

In addition to Free Consumers (which have an average consumption equal to or 

higher than 1,500 kW), specific Special Consumers (the ones with average 

consumption equal to or greater than 500 kW and lower than 1,500 kW) may choose to 

purchase energy in the Free Market, subject to specific terms and conditions. Special 

Consumers may only purchase energy from: (i) Small Hydroelectric Power Plants with 

capacity superior to 3,000 kW and equal or inferior to 30,000 kW; (ii) hydroelectric 

generators with capacity superior to 3,000 kW and equal or inferior to 50,000 kW; (iii) 

generators with capacity limited to 3,000 kW; and (iv) alternative energy generators 

(solar, wind and biomass enterprises) whose capacity supplied to the system does not 

exceed 50,000 kW. State-owned generators may sell electricity to Free Consumers; 

however, unlike private generators, they may only do so through an auction process. 

 

2.5 PRESENT AND FUTURE POWER GENERATION BY ENERGY SOURCE 

 

The total generation capacity in Brazil (186 GW at the end of 2021) is/will be 

concentrated in the hydroelectric power source (59% of total). Other renewable power 

sources (wind, solar, and self-production plus distributed energy renewables) have 

been increasing over the last ten years, currently accounting, on aggregate, for 17% of 

the country’s installed capacity. Traditional thermal power (gas, coal, and diesel/heavy 

fuel oil) accounts for approximately 20% (concentrated in gas).  Other sources (4%) are 

neglectable (see Figure 1 for more details). Installed capacity is well split among the 

South East, North, and North East regions, serving the country’s main consumption 

centers, located in the South East and South, through a countrywide integrated 

transmission network (“SIN”).         
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Figure 1 - Current Installed Capacity by Region and Generation Source 

 
Source: Energy Development Plan (Plano de Desenvolvimento Energético, “PDE, 2030”).  

 

Subject to certain future GDP assumptions, annual electricity demand is officially 

forecasted to surpass supply by 2028 (see Figure 2 for details). 

 

Figure 2 - Brazil: Supply and Demand on Average per Year (GW average) 

 
Source: PDE, 2030 as of February 2021. 

 

To avoid an energy shortage by 2027/2028, ANEEL and EPE update every year 

a 10-year rolling power generation expansion plan (“PDE 2030”), which targets the 

capacity increase per source per year as detailed in Figure 3. 

According to PDE 2030, the total generation capacity will increase by 50 GW 

(e.g., 27%) between 2021 and 2030. It should command R$ 225 billion in Capex6.  

Despite the reduction in hydroelectric power share in the Brazilian energy matrix (from 

59% to 49%), total renewable sources will still dominate it (80% in 2030).  

The most significant relative increase in the matrix will come from: self-production 

plus distributed generation renewables (almost 100% solar power, forecasted to 

increase from 6% to 14%) and the wind source (from 9% to 14%).   

 

 

 

 

 
6 Considering R$ 4.5 million / MW as a sector reference of the marginal cost of expansion for the power 

generation activity. 
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Figure 3 - Planned Generation Breakdown Evolution Between 2021 and 2030 (GW) 

 

Note: Biomass capacity is included in “Self-production + Distributed Generation Renewables”.   

Source: PDE 2030 (February 2021).   

 

Brazil’s installed capacity will reach 236 GW7 in 2030 (a 27% increase from 186 

GW in 2021). Almost half of this increment will be in the Southeast and Northeast 

regions, notably from self-production plus distributed generation renewables (e.g., solar 

panels installed on residential rooftops).   

The substantial generation capacity increase is corroborated by PNE 20508, 

which forecasts growth in Brazil’s installed capacity of approximately 287 GW (i.e., 

154%) relative to 2021. It should command approximately R$ 1.3 trillion in Capex9. 

According to PNE 2050, the country’s installed capacity in 2050 will reach 473 GW.  

As indicated in Figure 4, hydroelectric power will remain prominent within an 

almost 100% renewable power generation matrix. Of notes, the study foresees: (i) 

decommission of the original PROINFA windmills in 2030-2040; and (ii) a negative 

correlation between centralized solar and distributed generation.  

 

Figure 4 – Evolution and Planned Installed Capacity per Generation Source in 2050 

 
Source: PNE 2050 (December 2020). 

 
7 This figure excludes 7 GW from Itaipú Binational (capacity allocated to Paraguay). 
8 PNE 2050 stands for Plano Nacional de Energia (National Energy Plan, updated in 2020). It assumes 

the “stagnation” scenario, where the current energy consumption pattern does not change until 2050.   
9 Considering R$ 4.5 million / MW as a sector reference of the marginal cost of expansion. 
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2.6 THE POWER GENERATION PLAYERS IN BRAZIL  

 

The gradual privatization of the generation market in Brazil started in the late 

1990s. Currently, the power generation market in Brazil is roughly equally divided 

between State and privately-owned players. Eletrobras is the most significant player in 

the sector with 29% market share, followed by other companies with shares equal to or 

lower than 6% (see Figure 5 for a market share breakdown per generation player). 

 

Figure 5 - Top 10 Power Generation Players (Installed Capacity, GW) 

 

Note: Alupar, Cesp, Energisa, Equatorial, Light, Neoenergia, and Omega are included in “Others”, as 
they individually have less than 3GW of installed capacity. 
Sources: PDE 2030, ANEEL, and companies’ websites. 
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3 LITERATURE REVIEW  

 

3.1 THE REAL OPTIONS THEORY  

 

The origins of financial options can be traced back to the early twentieth century, 

with the French mathematician Louis Bachelier’s dissertation entitled “The Theory of 

Speculation”. The latter identified security price behavior as a random walk and 

discussed the need to value stock options. In 1973, Merton, Black and Scholes 

deepened the financial options pricing theory through a seminal work, laying the 

foundation for continuous-time models applied in real options.  

Myers (1977) identified the increasing usage of financial options valuation 

techniques to assess the value of real projects or assets that are often not traded and 

carry on themselves contingent decision prerogatives to delay, abandon, expand, 

contract, alter the scale, or switch inputs, outputs or methods. 

Tourinho (1979) proposed the first known RO model, aimed at valuing natural 

resource reserves, and discussed the resulting “extraction paradox”.  

In the 1980s, modeling research resulted in alternative valuation approaches, 

such as the discrete-time, binomial method by Cox, Ross, and Rubinstein (1979) and 

other academic works that elaborated on different option types (e.g., exchange, 

compound, and sequential compound options).   

Myers (1984) discussed the apparent mismatch between finance theory and 

strategic planning. Nowadays, this discussion is still critical to shed light on the possible 

reasons why ROT is not widely used, either within the discipline of infrastructure 

development and construction project management (Garvin and Ford, 2012) or in the 

Brazilian equity research universe (scope of this dissertation)10.    

Barria and Rudnick (2011) remarked the traditional valuation techniques neglect 

the term structure of volatility. In this sense, ROT’s main contribution stems from 

acknowledging that the larger the volatility attached to the central business model 

variables, the higher the project value. According to ROT, the “premium” paid upfront is 

the price for lowering downside risk while retaining the flexibility to leverage up a 

potential future more significant investment. It may also allow the firm a chance to 

benefit from potential first-mover advantages (Bowman and Hurry, 1993). 

 
10 For a deeper discussion on this subject, please refer to the end part of this Section. 



25 

 

 

Hayes and Abernathy (2007) asserted that ROT was essentially motivated by the 

growing inability of traditional valuation methods to assess the value of projects under 

uncertainty and the emergence of the Black-Scholes model (Black and Scholes, 201911) 

as a financial option valuation tool. As the latter can be applied to financial and non-

financial assets, ROT could be approached as a natural extension of the Black and 

Scholes’ option pricing theory (Fernandes, Cunha and Ferreira, 2011).  

On the technical side, two key differences would distinguish financial and real 

options: (i) the owner of a financial option cannot affect the underlying asset value, 

whereas RO holders (frequently project managers) can take steps to increase or 

decrease RO implicit value over time; and (ii) while compound options (e.g., option to 

acquire another option) are relevant in financial markets, they were claimed to have 

limited application to physical assets (Martins, Marques and Cruz, 2015).  

Regarding infrastructure projects, de Neufville, Hodota, Sussman and Scholtes 

(2008) made an important distinction between “on” projects and “in” projects RO’s.  “On” 

project RO’s involve investment decisions and have to do with the manager’s ability to 

defer, stage, abandon or accelerate a project. “In” project RO’s are associated with 

Engineering and design decisions concerned with optimizing technical systems, aiming 

for expanding capacity or switching sources of fuel.  

As ROT contemplates managerial flexibility to adjust investment projects in light 

of future uncertainty of different natures (Kozlova, 2017), more uncertainly translates 

into higher volatility of potential future cash flows. This is where traditional DCF 

methodologies and ROT take opposite routes. Karel and Windiati (2017) remarked that 

DCF assumes firm decisions are defined at the outset and ignores any flexibility in 

decision-making during the analyzed investment. When (decision) options are 

associated with the investment project, it becomes virtually impossible to derive a single 

appropriate discount rate to calculate the NPV. Echoing this statement, Garvin and Ford 

(2012, p. 99) asserted that: “since flexibility and asymmetry characterize option payoffs, 

this indicates a fluctuating discount rate over time, which is problematic for traditional 

discounted cash flow methods”.  

As a result, while DCF ignores or heavily discounts highly uncertain future cash 

flows, which yields low or negative NVP’s (Frayer and Uludere, 2001), ROT asserts the 

higher the future cash flow volatility, the more valuable the implied future options. DCF 

 
11 This article was originally published in Journal of Political Economy (1973), 81(3), 637–654 
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and RO values become communicating vessels in project valuation, the reason why, in 

normal circumstances, they should be added to yield a project’s intrinsic value. Hence, 

an investment project valued with RO is at least as valuable as one without RO. The 

asymmetry induced by a managerial capacity to adapt the project as it evolves calls for 

an “expanded NPV” rule, which has two components: (i) the traditional (static or passive) 

NPV of future cash flows and (ii) the value of options from active management 

(Venetsanos et al., 2002, apud Trigeorgis, 1993).   

The projects become flexible if the RO can be identified and timely executed. 

Conversely, a project with RO is not deemed flexible when the managers cannot identify 

the option or implement it (e.g., not enough capital to pay for a capacity expansion) 

(Ceseña et al., 2013; Kozlova, 2017).   

As discussed by Fernandes et al. (2011), financial options can be either 

European (exercisable only in a specific future date) or American (exercisable at any 

moment up to its expiry date).  RO calls for a similar approach, with the American type 

most adhering to the real world.  

The literature, as summarized by Trigeorgis (1999) and Fernandes et al. (2011), 

distinguishes among the following types of real options:  

 

(i) Option to defer investment: alternatives to delay investment decisions to 

gather information or have more clarity on the business environment and/or 

project prospects. It involves decisions and cash expenses that may occur 

sequentially over time, analogous to delaying or postponing a capital 

budgeting decision. This is an American call-like option (Martins et al., 2015). 

R&D intensive industries (e.g., pharmaceuticals), farming, long-development 

capital-intensive projects, and start-ups are examples of investments for 

which such options are suitable;  

 

(ii) Option to stage investment: the underlying goal would be to minimize risks by 

enabling either the postponement of future stages or early termination if 

unfavorable circumstances arise. It allows production scale expansion or 

resource utilization increase if market conditions are judged favorable. 

Conversely, staging an investment introduces an option to abandon the 

project if new information is unfavorable (Venetsanos et al., 2002). Each 

stage can be approached as an option on the value of subsequent stages 
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(compound options) (Martins et al., 2015). While common in projects with 

technical uncertainty, these options are particularly relevant in production and 

natural-resource industries, construction, consumer goods, and commercial 

real-estate firms (Fernandes et al., 2011);  

 
(iii) Option to change scale: it entails the right to scale back (shrink) or expand a 

project in light of future market perspectives, capital availability or regulatory 

permits, authorizations, or concessions. If expectations fall short of reality, 

the firm is presented with the option of reducing the scale of operations or 

partially decommissioning (Venetsanos et al., 2002). Natural resources 

industries, commercial real estate, and other cyclical industries are the 

natural candidates for these options (Martins et al., 2015);  

 
(iv) Option to abandon: this option implies a prerogative to stop or sell the project 

if the prospects point out likely losses. Leaving a production process or line 

can be staged due to environmental issues (Martins et al., 2015). Abandon 

options apply to capital-intensive industries such as airlines and railroads, 

financial services, and whenever new products are introduced in uncertain 

markets, e.g., the natural resources and pharmaceutical sectors (Karel and 

Windiati, 2017);  

 
(v) Option to switch: it refers to an ability to change the input materials of projects 

(e.g., switch fuels like heavy oil for natural gas as inputs to a thermoelectric 

power plant) (process flexibility). It may also refer to the option to change the 

output mix from a given set of raw materials (product flexibility) (Venetsanos 

et al., 2002). It is more applicable to projects that are highly dependent on 

one input or commodity (Martins et al., 2015);  

 
(vi) Option to grow: options to invest in (smaller) pilot projects before choosing to 

build a larger one. It enables managers to start a project in the future if market 

conditions or business factor risks are favorable (e.g., lower expected 

volatility of cash flows or more transparent business and/or regulatory 

environments). According to Martins et al. (2015), these options are similar to 

European or American calls. Even though the NPV rule ignores growth 

options, they have the potential to shade the gap between the negative NPV 
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and the strategic decision to carry on a project (Venetsanos et al., 2002). 

They are particularly valuable to all infrastructure-based, high-tech, and R&D 

industries, as these are characterized by long life cycles, vulnerability to the 

macroeconomic context, and require long-term capital commitment.  

 

These options can be approached (and valued) in isolation or combination, either 

simultaneously or in sequence (compound or interacting options) as the circumstance 

calls for.  

Due to mutual interaction and the correlations among the RO’s, the combined 

option value may differ from the sum of individual option values (Venetsanos et al., 

2002). Most options (except for the option to abandon) are analogous to financial call 

options. Abandon options resemble put options (Damodaran, 2012).     

 

Table 1 - Call option versus project characteristics  

 

Note: adapted from Fernandes et al. (2011). 

 

As summarized in Table 1, the option value depends on six variables 

(Damodaran, 2012): (i) the value of the underlying asset, which is the present value of 

the project, investment, or acquisition (in our research, we targeted the equity value 

component of such project, investment or acquisition). If this present value goes up, so 

does the value of the real option; (ii) the exercise price refers to the present value of the 

investment required for project completion (in our research, we targeted the equity value 

component of such Capex). If the exercise price goes up, the value of the (call 

equivalent) option decreases; (iii) the time to expiration refers to the period up to the 

exercise of the option (Bodie et al., 2020). If time increases, the option value also 

increases; (iv) the volatility directly refers to the standard deviation of returns on the 

underlying asset value (Coff and Laverty, 2007). In our research, as we took the equity 

(as opposed to firm) approach, we applied the standard deviation of stock returns 

(Venetsanos et al., 2002). To adjust for dividends paid, we considered the standard 

Project characteristics Call option

Present value of expected firm cash flows Underlying asset (Enterprise Value)

Present value of investment outlays Exercise price (Capex)

Length of deferral time Time to maturity

Time value of money Risk-free rate

Volatility of project's returns Standard deviation of firm returns
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deviation in the stock’s total return (e.g., capital appreciation plus dividend yield). An 

increase in future cash flow uncertainty will also increase the value of the real option; 

(v) the discount rate refers to the risk-free rate of interest over the life of the option. In 

the literature, United States investors would consider the yield on the Treasury Bill or 

the 10-year US Government bond (Venetsanos et al., 2002). Conversely, in Brazil, we 

applied the domestic yield curve (“CDI”) and considered the 5-year domestic fixed-rate 

(see Section 4.2 for details). As the discount rate goes up, so does the value of the real 

option; (vi) the dividend yield (paid out by the underlying asset) stands for the cash flow 

that is foregone when a project is postponed, scaled-down, or abandoned. This feature 

does not apply to growth options, as no existing short-term dividends apply. The 

dividend yield component of the Black-Scholes formula is generally considered null.  

 
The most commonly used option pricing techniques are:  

 

(i) Partial differential equations (PDE). It consists in expressing the value of an 

option by applying analytical approximations. The Black-Scholes formula 

became the most widely used form of PDE. It is formulated for the assessment 

of specific RO values under fixed assumptions. However, if the RO assumptions 

change, a new set of PDE has to be set up, which may ultimately turn unfeasible 

for complex options. Trigeorgis (1996) indicated that this approach is considered 

accurate and computationally inexpensive for simple options. It models options 

as if they were of the European style (Karel and Windiati, 2017). Not surprisingly, 

research studies indicate that option valuation applying the Black-Scholes model 

yields more conservative values than Binomial Trees (Damodaran, 2012). The 

main advantage of this model is the simplicity with which option values are 

calculated (Martins et al., 2015), which is particularly suitable to the average well-

informed stock exchange investor. It also serves the purpose of valuing options 

in isolation, as opposed to modeling interdependent options. In summary, the 

Black-Scholes and the binomial option valuation models are widely used in 

practice for valuing growth options (Triantis, 2003). The main limitations of the 

Black-Scholes model are: (i) options are of the European kind, the reason why it 

yields lower option values than the Binomial Trees’; (ii) its variables are assumed 

to be normally distributed, which is not the case with some of them, e.g., cost 

overruns (Martins et al., 2015); (iii) the underlying stock equivalent component of 
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the formula is assumed to follow a log-normal distribution, which does not apply 

to some industries, e.g., pharmaceutical patents, which show a negative 

correlation between option value and the time to expiration component of the 

formula (Bowman and Moskowitz, 2001); (iv) as a static option pricing model 

plugged into a dynamic valuation tool (RO), the Black-Scholes formula becomes 

a limiting case of the Binomial Tree (a dynamic pricing tool) (Damodaran, 1999);   

 

(ii) Binomial Trees. This is a particular case of the risk-adjusted decision trees.  The 

binomial method is a dynamic programming approach widely employed to value 

simple options (Karel and Windiati, 2017). The approach represents a discrete-

time model of asset price evolution with (in general) two future outcomes in each 

step/node. The different steps/nodes of the tree correspond to steps in the future, 

and the probabilities indicate how likely certain “jumps” may occur. It has the 

advantage of modeling multiple interrelated options. The model effectively 

addresses one source of uncertainty (Martins et al., 2015) and is suitable to price 

American options (Brandão et al., 2005; Karel and Windiati, 2017). Conversely, 

it is not appropriate if several uncertainties simultaneously apply. The risk-

adjusted decision trees, which imply more branches at each node, would better 

serve the purpose of addressing multiple uncertainties at the expense of results 

being considered hard to be interpreted.  

 

A second issue with this option pricing methodology lies in the replicating portfolio 

assumption. No replicating securities portfolio exists for most projects involving 

real assets, so markets are incomplete (Brandão et al., 2005).  

 

Thirdly, it is referred to by some authors as less accurate than PDE and can be 

computationally expensive for generating several different scenarios (Cox et al., 

1979). Some authors assert that the Binomial Tree model is a simplified 

approach to evaluating options than the Black-Scholes model (Cox et al., 1979).  

 

Finally, it requires a set of path-dependent private project information (the same 

applies to the broader risk-adjusted decision trees) – this being the main practical 

obstacle for using the Binomial Trees approach in this dissertation. For these 

reasons, and since our research is centered on public information available to 
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domestic equity research analysts, we find the Binomial Tree model to be of 

secondary value, relative to the Black-Scholes’;  

 
(iii) Monte Carlo simulation. It has dynamic programming features, is suitable for 

multifactor models, and is directly applicable to path-dependent problems (Karel 

and Windiati, 2017).  It considers a probability distribution for each key variable 

to the project and considers several sources of uncertainty. As output, the model 

can yield thousands of different path-dependent scenarios. These are referred to 

in the literature as their main advantages. Although it can handle many types of 

RO’s, it is regarded by some authors as the most computationally expensive and 

time-consuming approach (Blanco, Olsina, Garces and Rehatanz, 2011). It may 

lack transparency to the project management compared to the Binomial / 

Decision Tree models (Martins et al., 2015). 

 

As indicated elsewhere in this section, ROT is not as widely applied in practice 

as it could be. Garvin and Ford (2012, p. 100) acknowledge that “consensus exists 

about RO concepts and the value of real options ‘thinking’, but this consensus has not 

necessarily translated into mainstream practice”. The reasons behind this vary widely.  

Brandão et al. (2005, p. 69) advocate that “although appealing from a theoretical 

perspective, the practical use of real option valuation techniques in the industry has 

been limited by the mathematical complexity of these techniques and the resulting lack 

of intuition associated with the solution process, or the restrictive assumptions required 

to obtain analytical solutions”.  

Frayer and Uludere (2001) and Damodaran (1999) expand on the list of ROT 

shortcomings: (i) the underlying asset (source of uncertainty) is not traded.  Arbitrage is 

therefore not feasible; (ii) the underlying asset price movement is assumed to follow a 

stochastic pattern. This would not be the case with mean-reverting prices; (iii) volatility 

is assumed to be constant (which does not necessarily apply to mean-reverting prices); 

(iv) the Black-Scholes model prices only European (not American) options; (v) option 

exercise is instantaneous (unfeasible for significant capital investments).    

Bowman and Moskowitz (2001) and Triantis (2005) suggest that RO models 

must be customized to reflect each project’s specificities or poor strategic decisions are 

likely to be taken. Garvin and Ford (2012) elaborate on the diversity and 
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interdependence of the causes for RO dissemination obstacles (which frequently 

include behavioral biases) among project managers. 

On the project management side, Garvin and Ford (2012) remark: (i) the role of 

project managers: the latter manipulate the value of underlying assets that base option 

value, thereby decreasing the value of the optionality and the use of RO’s by project 

managers; (ii) constrains: limited resources (e.g., funds, labor, equipment, cognitive 

abilities, time and attention) and bounded rationality (e.g., decisions are often based on 

a benefit/cost ratio analysis for project managers. Also, project management challenges 

may increase with the exercise of options); (iii) agency problems: if project managers 

and owners have different incentive/reward mechanisms, they will approach options 

differently, and RO adoption may be pushed away from traditional “project-maximizing” 

decisions. Conversely, if future circumstances lead to the non-exercise of an option, 

costs will have been incurred without benefits being reaped off. These options may be 

approached in hindsight as having decreased project value, putting project managers 

in a delicate position; (iv) overoptimism and/or overconfidence in highly price-

competitive industries: especially in public biddings, firms refrain from including the cost 

of loss-limiting options (e.g., put option-equivalents). According to Hackbarth (2009, p. 

390): “optimistic managers overestimate the growth rate of assets in place. 

Overconfident managers underestimate the riskiness of assets in place. Biased 

managers are assumed to maximize the perceived (i.e., subjective) value of equity”.  

Hackbarth (2009, p. 395) also preconizes that: “optimism also raises the perceived 

opportunity cost of waiting to invest, which lowers the ‘value of waiting to invest’. 

Overconfidence decreases the perceived ‘value of the waiting to invest’ as well as the 

perceived value of the investment opportunity”.  Both build on potential agency problems 

discussed in item (iii) above.   

At the equity research level, analyst behavior also provides insights into the 

sources of stock market mispricing. The literature highlights certain behavioral biases 

of equity research analysts, which could also help explain ROT not being widely used 

as a valuation tool in Brazil. Among those documented biases, Hirshleifer (2020) 

remarks: (i) decision fatigue: the tendency for decision quality to decline after an 

extensive session of decision-making, causing stock market analysts to be more 

heuristic in their forecasting, either by herding on the market consensus forecast, self-
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herding (reissuing the analyst’s previous estimates), or forecasting a round number12; 

(ii) first impressions13: the tendency for an analyst to place undue weight on how the 

information is initially presented (which, in our view, closely resembles a “framing bias”). 

According to the author, this is also related to “confirmation bias”, and, as a result, the 

stock market does not always incorporate relevant publicly available information. A 

possible explanation for this bias relies on “limited attention” (from either investors or 

equity research analysts), eventually neglecting (or underreacting to) relevant public 

information signals. This would be particularly true when a large number of earnings 

announcements occur on the same day; and (iii) analysts forecasts (in our view, a form 

of “availability bias”): tendency for analysts to place undue weight on recent events than 

on earlier events (the author noted, however, that this bias and the “first impression” 

may eventually conflict).   

We raise two other behavioral biases as a hypothesis for further research: (i) 

illusion of control (e.g., the belief that a well-crafted and granular DCF model would be 

sufficient to develop an accurate valuation view on a project) and (ii) social proof bias 

(e.g., no analyst willing to breach the industry’s standard “uses and customs” on 

valuation techniques), which may also lead to “herding” (as discussed above). 

Another hypothesis that might explain the underuse of RO by equity research 

analysts refers to technical limitations. This can be approached as the challenges of 

developing customized valuation algorithm models that adequately match the analyzed 

project characteristics (Bowman and Moskowitz, 2001; and Triantis, 2005), the 

mathematical complexity of RO models, the lack of intuition associated with the solution 

process, or the restrictive assumptions required to obtain analytical solutions (Brandão, 

Dyer and Hahn, 2005) or the structural RO methodology shortfalls (Frayer and Uludere, 

2001). The analyst would be required to quantify the value of different RO’s in isolation 

and infer the degree of correlation among them. According to Damodaran (1999), RO’s 

can have three variations: simple (the six types discussed before), barrier (e.g., RO’s 

capped in value), compound (e.g., option on option), or rainbow (options that address 

multiple sources of uncertainties, as opposed to a single one). Finally, the choice of the 

 
12 It is though remarkable that, in his article, the author found “no evidence that the stock market is 

inefficient in the sense of failing to adjust for analyst decision fatigue” (Hirshleifer, 2020, p. 01). 
13 The author concluded on this bias after analyzing a sample of 1,643,089 firm-analyst observations in 

the period 1984–2017. Analysts with positive first impressions were indicated to issue, on average, 
higher Target Prices and be more prone towards issuing a “buy” recommendation. The opposite also 
refers. On the stock market side, it was observed that the latter only partly adjusts over time for first-
impression bias. 
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methodology to apply (Binomial Trees, Black-Scholes, or Monte Carlo) also poses 

challenges. 

 

3.2 REAL OPTIONS APPLIED TO THE BRAZILIAN GENERATION SECTOR  

 

Since 1970, the global energy sector has undergone market, regulatory and 

technological changes, shifting from a regulated and monopolistic to a deregulated, 

uncertain, and highly competitive business environment in several countries (Awerbuch, 

Dillard, Mouck, Preston, 1996).  

More recently, global climate change concerns have fostered an increasing 

number of renewable energy policies and projects worldwide. From 2010 up until 2017, 

the values globally deployed into renewable power generation technologies have 

surpassed US$ 200 billion (Beluco, Beluco and Mendes, 2018). While these new 

unconventional power sources are environmentally friendly, with shorter construction 

timetables, they also fit an increasingly deregulated power generation environment, 

particularly in Brazil, where solar and wind have gained prominence over time (see 

Chapter 2). In this context, traditional capital budgeting methods have increasingly lost 

the capacity to properly evaluate investment decisions in this sector. This was the 

background for ROT as a valuation technique that went beyond (and complemented) 

the projected free cash flow approaches.  

As a result of adequately addressing future uncertainties on project valuation, the 

combined DCF and RO values may eventually suggest a diametrically opposite capital 

budgeting decision compared to a scenario where only DCF is applied. The more 

deregulated the sector or business activity, the higher the level of associated uncertainty 

and, consequently, the higher the RO value. This is the case with the Brazilian power 

generation activity, gradually becoming less regulated as the ACL gains preponderance 

over the ACR for new power generation projects. This is however not the case with the 

distribution and transmission segments of the domestic power sector, as: (i) distribution 

concessions have tight operational performance targets (notably DEC and FEC, 

respectively duration and frequency of blackouts in a year), which require continuous 

capital investments in the concession region to be achieved. In addition, the growth 

through acquisitions (M&A) is currently limited, since the large majority of the distribution 

companies in Brazil were privatized between 1999 and 2021; (ii) by force of regulation 
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the power transmission business model is not exposed to demand risk, resembling, in 

practice, a fixed income asset class.       

ROT is known as a modern approach for economic valuation of projects under 

uncertainty (de Moraes Marreco and Carpio, 2006) and can address options at different 

stages of projects (Ceseña et al., 2013; Martins et al., 2015): (i) planning; (ii) operational, 

and (iii) design stages. Projects involving a multistage investment consisting of design, 

construction, and operation phases are frequently treated as sequential compound 

options. Most existing RO literature focuses on the planning (e.g., investment decisions 

assessment, including stage, growth, or defer RO’s) and operational stages (e.g., 

altering a project’s operating scale, switching fuels, or abandoning it). 

Some authors argue the most common option used at the planning stage is the 

defer RO, followed by the option to grow (Kozlova, 2017). This would be the case 

especially regarding investment decisions for isolated projects subject to future 

electricity price uncertainty (Barria et al., 2011) or renewable energy projects, often 

modular (Fernandes et al., 2011). Nouicer (2015) emphasizes the value beyond the 

defer and abandon RO’s, particularly for solar and wind farms.  

Notwithstanding, we sustain in this research that, for the Brazilian power 

generation system, the growth option is the most valuable RO when approached in 

isolation and based strictly on publicly available information (e.g., absent private 

information). This public information is the one domestic equity research analysts use 

to derive their target prices. As such, the other RO’s are of a lower relevance or value 

to this research. The rationale is as follows:        

 

(i) Defer option: hydroelectric power generation is subject to public auctions (see 

Chapter 2).  Once the entrepreneur is awarded a project in a public auction, it 

has a well-defined period to build and start commercial operations. Otherwise, 

financial penalties may apply (e.g., from fines imposed by ANEEL to exposure to 

the volatile spot market price, to be able to deliver on the contracted Power 

Purchase Agreements – “PPA”). Other sources of power generation (subject to 

authorizations, instead of concessions, e.g., wind, solar, biomass, small 

hydroelectric, gas, and coal-fired plants) depend on multiple stage environmental 
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approvals as pre-conditions for the construction stage to begin14. However, these 

environmental licenses are short-lived (e.g., only a few months) with clearly 

defined expiry dates. Conversely, the project is only financeable if a credible PPA 

is firmed ahead of construction start. Once the PPA is set, delaying a decision to 

deploy capital only exposes the entrepreneur to a tighter construction schedule 

and unpredictable future spot market prices. This becomes more critical since 

there is no active merchant power market in Brazil (where one generates power 

to be sold in the spot market);   

 

Nouicer (2015) highlights the intrinsic value of the defer and abandon RO’s for 

wind and solar projects. Venetsanos et al. (2002) advocate in favor of defer, 

stage, scale, abandon, and growth options specifically for wind projects. Even 

so, the local market characteristics discussed above, in practice, limit the actual 

value of “wait-and-see” options in Brazil, as well as the project developer’s ability 

to skip an ACR auction or defer firming up a bilateral PPA in the ACL. Caporal 

and Brandão (2008, p. 114) noted the flexibility to delay the investment in Brazil 

is null and, once the investor receives the authorization from ANEEL to build and 

operate a small hydroelectric plant, he/she must start the investment immediately 

after that, “given that the projections of the ONS [National System Operator] for 

verification of the risk of energy rationing (demand > supply) contemplate the 

project’s generation”. In practice, should the project developer find the regulated 

or the free market PPA’s are unattractive or there is not enough capital to 

construct the project, the authorization ends up being sold to a third party for a 

marginal value (basically the development expenses incurred up to that point). 

So, the defer option turns into an abandon option with little embedded value;  

 

(ii) Option to stage: this option would apply to biomass, wind, solar (centralized 

generation), HFO15, coal-fired, and gas-fired power plants in Brazil. However, in 

light of the increasing competitiveness in the ACR public auctions (driven by the 

lowest PPA price acceptable by the bidders), higher project scales became the 

 
14 The main environmental licenses are: preliminary license, installation license (both are pre-conditions 

for start of construction) and operational license (a pre-condition for plant commissioning and start of 
operations).  

15 Heavy fuel oil. 
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norm for winning bids at greenfield generation auctions, as they are better 

positioned to negotiate more competitive EPC prices and O&M terms. This 

means that smaller-scale projects have much lower chances of yielding attractive 

returns and, as a result, lower capacity to attract competitive debt financing 

terms. As a result, they become at inception less competitive in ACR auctions. 

One exception to this norm refers to projects that sell energy in ACL, particularly 

in the “self-production” format, which admits project staging commensurate with 

the off-takers production growth schedule. This is the case with local soft and 

hard commodity producers, for which power is a key cost component. In addition, 

HFO and coal-fired power projects face increasing resistance from 

environmental authorities for new approvals, regardless of their sizes;  

 

(iii) Option to change scale: it is becoming increasingly rare, as it requires complex 

environmental and technical approvals (large hydroelectric, gas, and coal-fired 

power plants), additional land lease agreements, and available substation 

connection (windmill and solar clusters) or higher confidence in sugar cane 

bagasse supply and land availability (biomass thermal power plants). A caveat 

to the option to scale up a power generation project could be made regarding re-

potentiation of old power plants (mainly hydroelectric facilities), replacement of 

existing wind turbines in an operational site by more powerful ones, the 

substitution of one-sided solar panels by double-sided ones, and addition of 

trackers to solar farms so that they can capture irradiation in any direction. The 

option to scale down an operational power plant that has an outstanding PPA 

would expose the entrepreneur to unpredictable spot market prices to serve an 

already firmed PPA, leading to potentially high future project losses;  

 

(iv) Option to abandon: some authors advocate in favor of the value of the options to 

“wait to invest in a new hydropower plant and an abandon option, representing 

the transfer of concession rights” (Noronha, Lima, Ferreira, Unsihuay, De Souza 

and Abiape, 2009, p. 01). However, the latter is conditioned to the existence of 

buyers to act as counterparties to the trade. Due to increasing ESG-related 

concerns, several operational coal-fired power plants in Brazil currently do not 

find buyers. Although on a smaller scale, a similar scenario can be observed with 

domestic gas-fired thermal power plants. The divestment of power plants in 
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Brazil is more associated with a business model of “build and sell” by local power 

developers or infrastructure funds. This divestment also faces, among others, 

the following challenges: (a) the bilateral terms of trade being judged acceptable 

(e.g., the dependence on erratic third parties’ sugar cane biomass supply or 

deficient hydrology levels in a particular year are examples of obstacles to the 

exercise of the abandon option through a straight plant sale); (b) the estimated 

decommissioning expenses (required for shutting down a facility, which is the 

case of local HFO and coal-fired power plants); (c) if a power plant with 

outstanding PPA is shut down, it becomes exposed to the volatile spot market 

prices (to serve the PPA). This might lead to significant future losses; (d) other 

expenses associated with the option to abandon (through the transference of an 

assets’ title to a third party) involve the seller’s future obligations according to the 

Sale and Purchase Agreement (“SPA”) (e.g., obligation to indemnify the buyer), 

contingent upon future adverse events. This is ex-post quantifiable and private 

information (e.g., not applicable to our research, focused on public information);  

 

Finally, Kozlova (2017, p. 15) advocates “real options to abandon, deploy and 

continue reside in assessment studies of R&D projects or programs and are 

generally addressed with binomial, scenario or decision trees as the most 

convenient methodology to model different scenarios of R&D development. 

Decision tree approaches intrinsically allow modeling of this combination of 

options as a compound RO”. However, private information is required either to 

build a Binomial Tree or model a compound RO, reason why the abandon RO 

was also judged to be of lower relevance in our research;  

 

(v) Option to switch: Kozlova (2017) claims that bioenergy projects possess 

operational flexibility, such as the ability to change raw material and fuels used 

or to modify output products in reaction to volatile price conditions. Fontoura, 

Brandão, and Gomes (2015) illustrate this feature based on the acknowledgment 

that biomass power plants based on Elephant grass may be converted into 

biorefineries and that, depending on power price circumstances, the exercise of 

such switch options may add value to the original project. The baseline 

understanding was that biomass has the flexibility to be converted into different 
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outputs (e.g., electricity, biofuels, charcoal, and chemicals), and value might 

arise by switching production to the most profitable output at any time.  

 
Except for specific cases (like the biomass power plant conversion above), the 

option to switch inputs or outputs in the Brazilian power market is in general 

limited. Switching HFO or coal to gas as input for thermal power plants is either 

technologically challenging or economically unfeasible. It also requires a 

significant change in logistics (from HFO truck transportation to the plants or 

import belts connecting the port terminal to the coal-fired plants to new gas 

pipeline infrastructure build-up). In addition to the required land agreements and 

environmental license approval requirements, this logistic shift, per se, would, in 

practice, command a whole new project.  

 

A particular case could be made for the option to switch the target power market 

(e.g., between ACR and ACL). Caporal et al. (2008) developed a theoretical 

financial model applied to a small hydropower plant that valued the operational 

flexibility of selling energy either in the spot market or through long-term 

regulated PPA’s, at the sponsor’s discretion. They concluded this end market 

switch option had material value. As a general base case, this optionality is, in 

our view, limited in practice by two factors: (a) the lack of a supply-and-demand 

oriented spot market; (b) project financiers require long outstanding PPA’s as a 

pre-condition to providing larger and longer loans (to be repaid with future cash 

flow generation). This option value, for the equity investor, would only arise long 

into the future. In Brazil, the option to switch has more value to ONS (National 

Operator of the System), which has the mandate to centralize (and choose which 

power sources to) dispatch, aiming for an optimal balance between risk (e.g., 

power shortage) and cost (e.g., average power cost to the domestic economy);              

 
(vi) Option to grow: the potential of this option can be assessed in Chapter 2 (see 

forecasted growth in the country’s installed generation capacity as predicted by 

PDE 2030 and PNE 2050). The implied growth option value assumes the project 

is well structured (from a land, environmental and EPC/O&M perspective), has a 

meaningful competitive scale, high-quality PPA counterparts, sufficiently large 

duration, and financially strong sponsors (to secure adequate long-term 
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financing). A robust internal rate of return would attract potential equity capital 

investors already at the greenfield stage. However, the growth option poses one 

relevant challenge to be priced by the equity research analyst: it is frequently tied 

to private information. The optionality to lease a piece of land for potentially 

setting a windmill or the obtention of a preliminary license to develop a future 

photovoltaic solar cluster is typically private information. It is made public only 

when a management decision to implement the project matures. Conversely, our 

research is limited to the options associated with the announced growth plans 

and, as such, may not capture the full value potential beneath the firms analyzed.  

 

In light of the domestic power generation market specifics, we conclude that the 

growth option is the most valuable to the domestic power generation industry, 

followed by the abandon option (in connection with infrastructure funds’ exit 

strategy). The defer, stage and switch options command less relevant values. 

The option to change scale should not return a meaningful value.  

 

As highlighted by Fernandes et al. (2011, p. 4493), “these [growth] options are 

important in all infrastructure-based or strategic industries such as high tech and R&D, 

industries with multiple product generations or application like pharmaceutical, 

multinational and strategic acquisitions”. In their empirical research in Latin America, 

Alonso Bonis et al. (2009, p.8) highlighted that “[although the option to grow in Brazil] 

was not the only option acquired by Endesa [when it entered the share capital of the 

Chilean Enersis in 1997], it is the most important”.  

Our decision to build an option valuation model for the 15 listed power generation 

companies in Brazil, based only on the growth RO, found support in Venetsanos et al. 

(2002, p. 299), for whom “most RO models are limited to a single type of option” and “a 

more complex model is required to incorporate the interactive effect [with other RO’s] 

into its formulation”.   

The suitability of growth options for the Brazilian power generation market has 

been growing side by side with the increasing relevance of ACL relative to total power 

traded in Brazil. As noted by Fernandes et al. (2011, p. 4491), “from the moment that 

the energy sector started a deregulation process, with a high level of competitiveness 

and associated increased market uncertainty, traditional project evaluation techniques 
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alone became insufficient to properly deal with these additional risk and uncertainty 

factors”. Figure 6 shows the evolution of ACL relative to total power traded. 

 

Figure 6 - Volume of Energy Commercialized per Market in Brazil (GW) 

 

Sources: Our World in Data, GWEC, Abeólica, ANEEL, CCEE, ONS, EPE (PNE 2050). 

 

As final remarks, while Frayer and Uludere (2001, p. 42) assert that “[RO] 

applications problems are not as significant for the power sector as they are for other 

industries experimenting with RO analysis (such as pharmaceutical research and 

development and technological start-ups)” – a view that is shared by Damodaran (1999) 

-, Caporal et al. (2008, p. 118) highlight the scarcity of RO-based case studies in 

Brazilian renewable power generation16. Equity research analysts’ historical reasons for 

RO underapplication in Brazil go beyond the list discussed at the end of Section 3.1. In 

addition to those, we remark: (i) analysts historically approached the domestic power 

sector as a defensive and passive one (this includes the generation activity, which new 

projects historically targeted the low volatility and highly predictable ACR revenue 

stream); (ii) research coverage prioritization: contrary to what common sense might 

predict for an emerging market, the number of listed power generation players in Brazil 

is limited (15). Moreover, only 9 of these comprised the IBOVESPA stock index in April 

2021, having accounted for just 5% of that index’s average daily trading volume 

between January 2019 and April 2021 (source: Bloomberg). These figures reduce 

analysts’ attention span to those players while keeping the ongoing power generation 

de-regulation trend underpriced.  

The scenario may change since: (i) the significant expected increase in 

generation capacity in Brazil (50 GW between 2021 and 2030, and 287 GW between 

2021 and 2050, according, respectively, to PDE 2030 and PNE 2050) should attract 

 
16 A said result of “the peculiarities of the Brazilian energy market, the specific regulations on the operation 

of small hydroelectric plants and the relatively recent development of tools to value flexible options in 
projects”. 
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foreign investors, increasing the level of competitiveness in the local power sector; (ii) 

the significant increase in electricity prices, the overdependence on the hydroelectric 

power source and the growing environmental restrictions in Brazil over the last couple 

of decades called for the introduction of wind and solar generation projects. The latter 

carries more managerial flexibility than traditional hydroelectric power projects; (iii) the 

continuous migration of large end consumers from ACR to ACL (see Figure 6) coupled 

with the swifter construction periods for wind and solar projects (relative to hydroelectric 

or gas-fired thermal power facilities) have been feeding into a growing liberalized and 

deregulated power generation market. This may command a change in sector valuation 

approach, with analysts expected to segregate the power generation activity 

(increasingly actively managed) from the distribution and transmission ones (historically 

defensive and passively managed); (iv) the reduction in qualification rules for 

consumers to become ACL participants should yield an active retail power market, with 

exponentially higher volatility and return potential. The nature of this ongoing change 

(and the consequent future ROT adoption forecast) was generally endorsed by 

Venetsanos et al. (2002, p. 293): “the transition from a highly regulated industry to a 

competitive environment calls for the re-adjustment of appraisal methods [other than 

DCF] for new investments, to take proper account of the introduced uncertainties. 

Uncertainty creates financial opportunities”; (v) the inexistence of either a supply-and-

demand oriented spot power market in Brazil or a centralized power exchange floor 

(trading companies operate “over the counter” in ACL). This lack of price formation 

visibility and transparency in the ACL adds another layer of uncertainty to future energy 

prices; (vi) the emergence of a “distributed generation” market17 over the last five years 

has raised a question mark around the future power demand from domestic distribution 

companies (off-takers in ACR auctions). This is expected to increase the uncertainty 

associated with the historically stable and foreseeable ACR market prices; (vii) the 

ongoing discussions (at the ANEEL level) regarding the convenience of introducing 

peaking power plants to improve the network safety and reliability. Peaking power plants 

generate the bulk of their earnings during highly volatile peak hours. The nature of this 

business model is not suitable for DCF-based valuation, making ROT a necessary tool 

to derive the actual value of such assets (Frayer and Uludere, 2001).     

 

 
17 Where low-tension end consumers produce their own energy through rooftop installed solar panels. 
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4 DATA AND METHODOLOGY  
 

Sector expansion plan information is sourced from industry presentations in the 

following websites: CPFL Energia, Engie Brasil Energia, Equatorial Energia, EDP 

Brasil, CCEE (Electric Energy Commercialization Chamber), EPE (Electric Energy 

Research Company, from the Brazilian Federal Government), ANEEL (Brazilian power 

sector regulator), MME (Ministry of Mines and Energy in Brazil), ONS (National System 

Operator) and from Nouicer (2015)’s Master’s Dissertation.  

Our research is primarily based on publications between January 2000 and 

March 2021. Research websites assessed are: (i) Google Scholar 

(https://scholar.google.com.br/). Research mainly focuses on: Journal of Finance, 

Journal of Financial Economics, Review of Financial Studies, and Journal of Financial 

and Quantitative Analysis. Secondly, on: Journal of Banking & Finance, Journal of 

Corporate Finance, Review of Finance, Journal of Empirical Finance, and Journal of 

Infrastructure Systems. Thirdly, we covered specialized energy magazines such as: 

Environmental and Resource Economics, Energy Journal, and Energy Economics; (ii) 

National Bureau of Economic Research (https://www.nber.org/papers). Research filters 

target working papers on: “Real Options Electric Brazil” and “Real Options Power 

Brazil”; Programs: “Corporate Finance”; Topics: “Corporate Finance”; Working Groups: 

“Entrepreneurship” or “Organizational Economics”; (iii) Social Science Research 

Network - SSRN (https://papers.ssrn.com/sol3/DisplayAbstractSearch.cfm).  Search 

terms are: “Real Options Electric Brazil” or “Real Options Power Brazil”.   

Regarding case studies, we prioritized the publications in the last twenty (20) 

years to avoid shedding light on outdated technology-based analysis, which might 

misguide our conclusions for still capturing the early days of the PROINFA Program in 

Brazil.    

Equity research reports are sourced through Capital IQ (“CQI”), brokerage firms 

covering the Sample Group companies, Investment Banks and Private Banking firms. 

Quantitative research data is sourced from Bloomberg. Weekly data is gathered 

for each of the fifteen listed power generation companies in Brazil18 (“Sample Group”) 

from April 4, 2011 (first business day of that month) until April 26, 2021 (last business 

 
18 Sample Group: AES Brasil, Alupar, Cemig, Cesp, Copel, CPFL, EDP Brasil, Eletrobras, Energisa, 

Eneva, Engie, Equatorial, Light, Neoenergia and Omega. Though Celesc and Petrobras are listed, they 
were not included in this group, as: (i) no research coverage (Celesc); (ii) marginal power generation 
relevance in asset mix (Petrobras). 

https://scholar.google.com.br/
https://www.nber.org/papers
https://papers.ssrn.com/sol3/DisplayAbstractSearch.cfm
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day of that month). The data is constituted of: (i) Target Prices (from twenty brokerage 

firms19 to each Sample Group company, whenever available); (ii) share prices; (iii) 

weekly total returns (capital appreciation plus dividend yield); (iv) P/B (price-to-book)’s.  

The methodology applies four (04) broad steps: (i) step 1: we uncover 344 (from 

a total estimated 368) equity research reports or analyses produced on the Sample 

Group companies between December 31, 2020, and April 30, 2021, the period during 

which the Sample Group’s long term growth plans were made public. We also 

investigate to which extent ROT is applied in the valuations following such 

divulgements; (ii) step 2: we calculate the Sample Group’s implied growth from equity 

research analysts (applying DCF); (iii) step 3: we estimate the Sample Group’s implied 

growth (applying ROT); (iv) step 4: a direct comparison is made between steps 2 and 3 

results to conclude on the relevance of the potential misvaluation for the Sample Group.  

We do not have access to the sell-side analysts’ financial models to acknowledge 

which growth projects were included in their respective valuations. Even if we had, it 

would still be unlikely that all of the analysts would value the same projects and ignore 

the remaining others. For this reason, we chose to apply ROT to all growth projects 

informed by each of the Sample Group companies for the period 2021-2025, on an 

equity value basis, and compare the outcome with the average forecasted DCF-based 

equity upside (DCF) for each company, as informed by analysts in their reports.  

The goal is to test if the resulting gap between both outcomes is material, and 

the formal way to do it is by calculating a “Premium Ratio”, as further detailed.  

Whenever the Premium Ratio for any Sample Group company is materially 

higher than 1.00x, the value of that company’s announced growth plans applying ROT 

is significantly larger than the one resulting from the DCF methodologies.  

To draw an unbiased Premium Ratio the main challenge is identifying a “no 

growth” initial market share value for each Sample Group company. Previous years’ 

announced growth plans could be argued to “pollute” any specific cut-off period for any 

Sample Group company.    

The solution we apply to address this issue is two-folded: (i) we compare the RO 

values to their respective DCF-derived equity upside results across multiple periods. A 

relevant signal is issued since the Premium Ratio is materially higher than 1.00x in all 

 
19 The brokerage firms were: Ativa, Banco do Brasil, Bank of America Merrill Lynch, Bradesco, Brasil 

Plural, BTG Pactual, Citi, Credit Suisse, Eleven, Genial, Goldman Sachs, HSBC, Inter, Itaú-BBA, J.P. 
Morgan, Morgan Stanley, Safra, Santander, UBS and XP. 
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periods; (ii) we minimize the “single cut-off period” issue associated with any specific 

Sample Group company by using average figures (for “premium per share”, 

“fundamental premium to market”, “option value per share” and “premium ratio”). 

It is worth remarking that the longest period analyzed (“last 5 years”) has two 

purposes: (i) consider a period with almost no influence of the most recently divulged 

growth plans; (ii) skip the recent COVID-19 period, which could potentially distort 

results. For a summary of the research methodology, see the schematic in Figure 7. 

 

Figure 7 – Methodology applied to compare RO and DCF-based valuations  
 

 

 

Source: elaborated by the author. 
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In step 1: (i) we use Capital IQ (“CIQ”) to map out the equity research coverage 

for the Sample Group (see Figure 56 in Appendix G) and realize approximately 376 

equity research reports have been produced between December 31, 2020, and April 30, 

2021; (ii) we downloaded the reports available at CIQ and access brokerage firms, 

Investment Banks and Private Banking firms that may give us access to the missing 

research reports. We uncover the valuation methodology applied by each brokerage 

firm in each report. Since several brokerage firms do not publicly report the valuation 

methodology applied, in all these cases we contacted the respective research analysts, 

obtained a written statement on the valuation methodology used (“research analyses”). 

We also inquire whether ROT was used (see a summary of the answers in Figure 57 in 

Appendix G). By doing so, we refined the number of reports and analyses produced by 

the analysts in the period, arriving at 184 for each quarter (4Q20 or 1Q21), or 368 for 

both quarters (a close figure to CIQ’s 376) (see Table 58 in Appendix G).  

From these 368 reports or analyses, we: (a) uncovered 344 (e.g., 93%) (see 

Table 59 in Appendix G); (b) identified the valuation methodology for 93% of them (see 

Table 59 in Appendix G); (c) acknowledged Free Cash Flow to Equity (“FCFE”) is the 

most used valuation methodology, followed by Free Cash Flow to Firm (“FCFF”), 

multiples (this one always in conjunction with a DCF methodology) and Dividend 

Discount Model (“DDM”) (see Table 57 in Appendix G); (d) realized none of the analysts 

apply ROT in any report to value the Sample Group companies (see Table 57 in 

Appendix G). Only DCF valuation techniques are used, while multiples are used for 

comparative purposes. No single reference to ROT is made in any report or research 

analysis; (iii) this relevant acknowledgment inspired research steps 2 to 4 to estimate 

the misvaluation potential.  

In step 2: (i) we use the Bloomberg platform to track each Sample Group 

company’s average stock price, on a weekly basis, throughout 4 periods: “last 5 years” 

(e.g., from May 2, 2016, to April 26, 2021, or simply “5 years”), “last 2 years” (e.g., from 

May 6, 2019, to April 26, 2021, or simply “2 years”), “last 1 year” (e.g., from May 4, 2020, 

to April 26, 2021, or simply “1 year”) and “last 4 months” (e.g., from January 4, 2021, to 

April 26, 2021, or “4 months”)20; (ii) we apply Bloomberg’s ANR function21 to uncover 

 
20 The reason to address this shorter period (4 months) was to capture the impact in share price from the 

most recent 5-year growth plan announced, either at year-end (2020) financial statements release, or, 
in cases of a late 5-year plan release, at the 1Q21 financial statements release (in April 2021).   

21 ANR is a “fundamental and earnings research” function available on the Bloomberg platform, which 
tracks analyst recommendations for a selected equity and allows for monitoring of changes in opinion. 
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each brokerage firm’s Target Price for each sample company (whenever available), on 

a weekly basis, from April 4, 2011 (first business day of that month) until April 26, 2021 

(last business day of that month), or since the Sample Group company’s IPO, whenever 

IPO occurred after April 4, 2011. Conversely, the average Target Price calculation for 

each Sample Group company is calculated based on four periods: “last 5 years” (e.g., 

from May 2, 2016, to April 26, 2021, or simply “5 years”), “last 2 years” (e.g., from May 

6, 2019, to April 26, 2021, or simply “2 years”), “last 1 year” (e.g., from May 4, 2020, to 

April 26, 2021, or simply “1 year”) and “last 4 months” (e.g., from January 4, 2021, to 

April 26, 2021, or “4 months”); (iii) we use the results from step 2(ii) and step 2(i) to 

derive the average “Average Premium per Share”22 for each Sample Group company 

in 4 different periods (last 5 years, last 2 years, last 1 year and last 4 months) (see 

Appendix A for each company’s outcome). The “Average Premium per Share” for each 

Sample Group company is assumed to capture the "growth value potential" behind its 

announced growth plans, applying a DCF-only valuation. Finally, we also derive 

consolidated Sample Group results (see Section 4.1).       

In step 3, we: (i) map out the set of growth plans for each Sample Group company 

(see Appendix B), and define them as a single growth option; (ii) we apply the Black-

Scholes technique to value, on a per share (equity) basis, each Sample Group 

company’s divulged growth plans for the period 2021-2025, as informed by their 

respective Senior Management and/or Investor Relations Officer at the time each 

company’s December 2020 or 1Q2021 financial statements were released (see Section 

4.2 and Appendix C)23; (iii) use the results from steps 3(ii) and 2(i) to derive the average 

“Fundamental Premium to Market”24 for each Sample Group company (see Appendix 

D). Consolidated Sample Group results are also obtained (see Section 4.3). 

In step 4, we: (i) compare the results from steps 2 and 3 and derive the “Premium 

Ratio” (for each Sample Group company and for the consolidated Sample Group)25. 

This step allows us to conclude the potential mispricing resulting from RO valuation 

being materially different from DCF; (ii) develop two special cases, narrowing the 

original Sample Group according to two filters. We calculate the Premium Ratios for 

each of these two special cases and compare them to the Sample Group’s. 

 
22 (Target Price/Market Stock Price) -1. Market and Target Prices were sourced from Bloomberg.  
23 Sources: Corporate Presentations available in the companies’ Investor Relations’ websites, relevant 

forms filed at CVM (Comissão de Valores Mobiliários), and news articles published in the local media.  
24 Option value per share / Market Stock Price.  
25 Fundamental Premium to Market / Average Premium per Share. 
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The support for the Black-Scholes model choice to value the growth options 

made public by the Brazilian listed generation companies came from: (i) research 

studies indicate the Black-Scholes model yields more conservative option values than 

the ones from Binomial trees (reason being that the Black-Scholes model prices 

European options, which are less valuable than American options); (ii) some authors 

argue that the Black-Scholes model prediction is more accurate than the Binomial tree 

(Trigeorgis, 1996; Cox at al., 1979); (iii) the Black-Scholes model better serves the 

purpose of valuing options in isolation, as opposed to modeling interdependent 

options26; (iv) some authors sustain that the advantage of the binomial approach is that 

it “enables [the researcher] to solve a much wider range of problems than the Black-

Scholes formula, which can be used to value financial options, but it is not appropriate 

for real options” (Noronha et al., 2009, p. 08). However, the Binomial Tree, so does the 

Monte Carlo simulation method, requires a considerable amount of private project 

development inputs to return the value at each node (e.g., expiry date of environmental 

licenses and project cost at each intermediary node).  

The Binomial and Monte Carlo models are more suitable for internal decision-

making purposes by the Board of Directors of power generation companies instead of 

working as practical decision-making tools for public investors, or effective price 

formation tools for equity research analysts. As this research takes the perspective of 

outside market observers like domestic equity research analysts (e.g., absent private 

information), the decision to use a valuation method that combines only public 

information supports the Black-Scholes model choice.          

It should be remarked that in our research, we customize the Black-Scholes 

valuation formula to reflect the growth plan specifics of each of the 15 listed Brazilian 

power generation companies (as detailed in Appendix C). As opposed to a top-down 

approach, this methodology allows us first to derive the value of each company’s growth 

option, all of which are subsequently added up for a consolidated power generation 

market assessment. It aims to address Bowman and Moskowitz’s (2001) critics of using 

standard RO models in strategic analysis, leading to poor strategic decisions.    

Ceseña et al. (2013) classify the uncertainties that affect the value of power 

generation projects as external (exogenous factor) and internal (endogenous factors). 

 
26 This feature was particularly valuable for the purpose of our research since it was based only on public 

information, which is the one equity research analysts are exposed to. We refrained from inferring the 
value of compound options as this would require possessing private information for each firm analyzed. 
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External uncertainties (e.g., the price of electricity) affect many types of projects, 

whereas internal uncertainties (e.g., the wind speed) affect only specific types of 

projects. Since this dissertation takes the perspective of an outside (of the firm) 

observer, we focused on external and exogenous uncertainties.     

    

4.1 AVERAGE PREMIUM PER SHARE  

 

Comparing share price performance and Target Price evolution for each Sample 

Group company allows us to derive the “Premium per Share” for different time intervals 

(5 years, 2 years, 1 year, and 4 months). The Sample Group average market price per 

share and the average target price per share were calculated using a simple average 

of the company constituents (see Table 2 for details). 

    

Table 2 - Sample Group Average Premium Per Share  

 

Note: all values in Reais, unless otherwise stated. 
Source: Bloomberg. Table elaborated by the author. 

 

Table 2 shows that: (i) analysts consistently find material “equity value upsides” 

in the Sample Group companies, factoring growth opportunities in their Target Prices. 

Average premium per share is positive for all four periods, ranging from 10.95% (2 

years) to 16.44% (4 months); (ii) the average premium per share during the last 2-year 

period incorporates two major elements: market expectations about an economically 

liberal Federal Government in Brazil following the 2019 Presidential election, and the 

emergence of the COVID-19 pandemics starting in 2Q2020.  

A company-by-company breakdown of this analysis can be found in Appendix A.          

Two special cases to the Sample Group are also made: (i) Special Case # 1 

eliminates from the Sample Group the companies that did not publicly disclose growth 

generation plans between December 31, 2020, and April 30, 2021 (e.g., CESP, 

Equatorial and Light), resulting in twelve companies; (ii) Special Case # 2 added a 

further restriction to the previous one: the Sample Group companies, which 1Q21 

EBITDA did not come primarily from the power generation activity, were excluded. 

Sample Group Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 19.70 24.39 24.53 25.04

Average target price per share       (B) 22.70 27.06 28.51 29.15

Average premium per share           (C) = ((B) / (A)) - 1 15.26% 10.95% 16.21% 16.44%
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These joint filters result in six companies (see Table 3 for details on 1Q21 EBITDA 

breakdown per Sample Group company and business activity, as well as the companies 

comprising the Sample Group, Special Case # 1 and Special Case # 2). 

As logical constatations: (i) the Sample Group encompasses Special Cases # 1 

and Special Case # 2. Conversely, Special Case # 1 includes Special Case # 2 (the 

most restrictive of the three); (ii) the more we drive the spotlight of the analysis from the 

Sample Group towards Special Case # 2, the more we approach a group of companies 

most representative of the power generation sector in Brazil (the centerpiece of this 

research). The latter comes at the expense of reduced sample size (only six 

companies), which increases the potential for company-specific bias. 

   

Table 3 - Sample Group and Special Cases # 1 and # 2 

 

Notes: Table elaborated by the author. All values in R$ million, unless otherwise stated.   
Source: Sample Group companies’ websites and CVM filings. 

 

Tables 4 and 5 summarize the results for Special Case # 1 and Special Case # 

2, respectively.  A company-by-company breakdown can be found in Appendix A.          

 

Sample Group 

Company
EBITDA (1Q2021) Generation Distribution Transmission Trading

Gas 

Transportation
Telecom

AES Brasil 349 100.0%

Alupar 461 22.9% 77.2%

CEMIG 1,845 45.0% 40.2% 14.9%

CESP 282 100.0%

Copel 1,303 68.6% 26.2% 1.6% 3.5%

CPFL 1,970 33.1% 64.2% 2.8%

EDP Brasil 1,049 52.0% 35.0% 13.0%

Eletrobras 3,860 36.0% 64.0%

Energisa 1,310 0.0% 98.6% 1.4%

Eneva 446 100.0%

Engie 1,740 81.0% 9.0% 10.1%

Equatorial 1,000 0.0% 97.6% 2.4%

Neoenergia 2,330 14.3% 85.7%

Light 420 45.2% 47.1% 7.7%

Omega 194 100.0%

Legend:

Majority generation companies (e.g.: the largest percentage of EBITDA coming from the generation activity).

Companies that did not inform growth plans for the generation activity.

Special Case # 1: eliminates from Sample Group the companies that did not disclose growth  plans between Dec/20 and Apr/21 .

Special Case # 2: Sample Group companies, that disclosed growth plans, and with 1Q21 EBITDA primarily from generation. 

EBITDA Breakdown per Business Activity
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Table 4 - Special Case # 1 Average Premium Per Share  

 

Note: all values in Reais, unless otherwise stated. 
Source: Bloomberg. Table elaborated by the author. 

 

Table 5 - Special Case # 2 Average Premium Per Share 

 

Note: all values in Reais, unless otherwise stated. 
Source: Bloomberg. Table elaborated by the author. 

 

Tables 4 and 5 show that: (i) in all four periods, Special Case # 1 and Special 

Case # 2 average premium per share followed the same pattern as the Sample Group’s 

shown in Table 3; (ii) when companies that have not informed growth plans in Dec/20-

Apr/21 were eliminated from the Sample Group (Special Case # 1), the average upside 

potential in all four periods increased (relative to the Sample Group); (iii) in all four 

periods, analysts found, on average, less upside potential on Special Case # 2 stocks 

compared to Special Case # 1’s. This has to do with the fact that the large majority of 

the power generated by Special Case # 2 constituents has historically been contracted 

to be sold in ACR, under long-term inflation-protected PPAs, which naturally limits share 

price upside potential. As discussed before, the ongoing power generation de-regulation 

is expected to change this picture in the years to come.   

   

4.2 GROWTH OPTION VALUATION  
 

We apply the Black-Scholes option pricing model to value each Sample Group 

company’s growth option. Essentially, we follow the same reasoning that any well-

informed public investor could apply to arrive at each parameter value of the valuation 

formula. The key model parameters are discussed below. 

   

(i) Option tenor (T): time frame to execute expansion projects, as informed by each 

Sample Group company to the market (e.g., five years).  The five-year fixed tenor 

Special Case # 1 Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 20.05 24.76 24.89 25.41

Average target price per share       (B) 23.40 27.72 29.31 29.76

Average premium per share           (C) = ((B) / (A)) - 1 16.70% 11.96% 17.77% 17.15%

Special Case # 2 Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 17.21 21.60 22.37 23.47

Average target price per share       (B) 18.87 22.07 24.16 25.48

Average premium per share           (C) = ((B) / (A)) - 1 9.66% 2.16% 7.99% 8.56%
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made the RO resemble a European option, supporting the choice of the Black-

Scholes model;     

 

(ii) Volatility (σ): Standard deviation of the cash flows associated with informed 

growth plans. It was estimated based on each company’s total return (capital 

appreciation plus dividend yield). Due to historical data availability purposes, the 

period considered was the shorter of: the moment the Sample Group company’s 

stock went public or since April 4, 2011. In either case, the last date considered 

was April 26, 202127. The weekly standard deviation was annualized assuming 

52 weeks in a year (e.g., weekly data was multiplied by the square route of 52);   

 

(iii) Exercise price (K): either the equity portion of the Capex required to implement 

the expansion plans (whenever publicly disclosed) or, in the absence of this, an 

equity percentage of the estimated marginal cost of expansion, based on recently 

implemented similar projects by that same company or by its Sample Group 

“peer comparables”;   

 

(iv) Underlying asset or present value of future cash flows (S): estimated based on 

the growth plans informed to the market by each Sample Group company (see 

Appendix B). To derive the underlying-equivalent parameter value, and in the 

absence of each company’s projected cash flows associated with their respective 

growth plans (non-public information), we apply the higher of: (a) the equity value 

underlying the median multiple (expressed in millions of Reais per installed MW) 

valuation for “comparable transactions” in the Brazilian power generation sector, 

between January 01, 2014, and April 30, 202128, with no distinction for the power 

source. Whenever informed by the companies, we consider the target capital 

structure for each growth project to derive the equity value. When not reported, 

we apply a 70/30 debt-to-equity ratio, as a general market practice for 

infrastructure-related project finance in Brazil. The numerator of the multiple 

(millions of Reais) was adjusted for accumulated inflation (IPCA index, from 

 
27 This was the last business day of April 2021. The rationale for this cut-off date was that the 1Q2021 

financial statements were made publicly available during April 2021. The total return information was 
sourced from Bloomberg.  

28 Sources: Capital IQ (August 2021), EMIS, and Street research reports.  See Appendix F for details. 
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IBGE29) since transaction announcement month until April 2021; and (b) the 

equity value obtained applying the average P/B of each Sample Group company 

to the equity portion of the informed (or inferred) Capex.  

 

The “transaction comparables” valuation technique provides a market sense of 

value associated with the growth projects. On the other hand, it is unlikely any 

Sample Group company would divest from those projects after they become 

operational on a dilutive basis (e.g., at an implied P/B lower than that sponsor’s 

P/B). For data availability purposes, the average P/B is calculated as the shorter 

of: the moment the Sample Group company went public or from April 4, 2011, up 

to April 26, 2021;      

 

(v) Risk-free (r): we used the projected fixed-rate (based on the local yield curve, 

known in the domestic market as “CDI30 curve”) for the execution tenor of each 

project (e.g., five years, counted from April 30, 2021)31. We apply a simple 

average of the two closest spot rates available (e.g., January 2026 and July 

2026), arriving at 8.20% as the relevant 5-year fixed rate (see Figure 8); 

 

Figure 8 - Projected domestic 5-year fixed rates on April 30, 2021 

 

Source: XP Investimentos. Table translated to English by the author. 

 

(vi) As a common feature of growth options, no dividend yield (D) applies.   

 
29 IPCA stands for Índice Nacional de Preços ao Consumidor Amplo (retail inflation index). IBGE is the 

acronym for Instituto Brasileiro de Geografia e Estatística (Brazilian Institute of Geography and 
Statistics). Accumulated inflation index figures were obtained from the Central Bank of Brazil’s website:  
https://www3.bcb.gov.br/CALCIDADAO/publico/exibirFormCorrecaoValores.do?method=exibirFormC
orrecaoValores&aba=1. 

30 CDI stands for Certificado de Depósito Interbancário (Interbank Deposit Certificate). 
31 Sources: Bloomberg and XP website (https://conteudos.xpi.com.br/renda-fixa/relatorios/a-semana-na-

renda-fixa-26-04-a-30-04/).   

https://conteudos.xpi.com.br/renda-fixa/relatorios/a-semana-na-renda-fixa-26-04-a-30-04/
https://conteudos.xpi.com.br/renda-fixa/relatorios/a-semana-na-renda-fixa-26-04-a-30-04/
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 The calculation of the growth option values per Company follows the Black -

Scholes formula: 

 

, where: ,  and . N(d1) 

is calculated applying the Excel formula “=NORM.S.DIST(d1,TRUE)”, and N(d2) is 

computed using the Excel formula “=NORM.S.DIST(d2, TRUE)”.  

 

 The breakdown per company is in Appendix C. The Sample Group option value 

was calculated as a simple average of all Sample Group companies’ option values. 

 

4.3 FUNDAMENTAL PREMIUM-TO-MARKET AND PREMIUM RATIO: 

 

For each Sample Group company: (i) the Fundamental Premium-to-Market was 

calculated as “Average Option Value per Share” divided by “Market Price per Share”; 

and (ii) the Premium Ratio was computed as: “Fundamental Premium-to-Market” 

divided by “Average Premium Per Share” (see Appendix D for output tables detailing 

calculations per Sample Group company and a Premium Ratio ranking per period).  

Whenever the Premium Ratio is negative for a specific Sample Group company, 

its associated result is displayed as “n.a.”32. These few exceptions to the Sample Group 

are observed when equity research analysts judge stocks to be overvalued, resulting in 

negative average Premium per Share (e.g., AES Brasil and Eneva).   

This, however, does not affect the Sample Group’s output since the average size 

of the historical upsides (Target Prices being higher than Market Prices) offset by far 

the average size of the downsides (Market Prices being higher than Target Prices).     

Although the original Sample Group of 15 companies was further reduced to 12 

(Special Case # 1) and 6 (Special Case # 2) for supplemental analytical purposes, we 

acknowledge this reflects the Brazilian stock market structure, which has a short number 

of listed entities. At the end of April 2021, only 80 companies comprised the IBOVESPA 

stock index (see Appendix F for details), just 9 of which were Sample Group companies.  

The results for the Sample Group, Special Case # 1, and Special Case # 2 are 

discussed in the following chapter.   

  

 
32 Acronym for “not applicable”. 
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5 RESULTS 

 

Premium Ratios for the Sample Group are materially higher than 1.00x in all four 

time periods analyzed, ranging from 1.37x (last 4 months) to 2.11x (last 2 years) – see 

Table 6 for details. These results suggest that either over the short or the long run, local 

equity research analysts have, on average, failed to efficiently price the Sample Group’s 

growth plans by applying only DCF-based valuation models while ignoring ROT (see 

Appendix D for detailed results on each Sample Group company).   

Some cases underlying the figures in Table 6 are particularly remarkable: (i) AES 

Brasil shows a negative average premium per share (from DCF) in 3 out of 4 periods 

analyzed. When ROT is applied, the average Fundamental Premium to Market is above 

73% in all four periods. Its share price reflects the company’s high exposure to 

hydrology and the end of its hydro concessions in the early 2030s; (ii) Eneva also shows 

a negative average premium per share (from DCF) in 3 out of 4 periods analyzed. The 

average Fundamental Premium to Market is also positive in all four periods. The value 

associated with the optionality to explore new certified gas reserves auctioned and won 

by the Company (growth RO), in a gas-to-wire business model, was high enough to 

revert the average downside share price potential foreseen by equity research analysts.  

 
Table 6 - Sample Group Fundamental Premium to Market and Premium Ratios  

 

Source: Bloomberg. Table elaborated by the author. 

Consolidated Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 19.70 (1)

Average market price per share last 2y (from section 4.1) 24.39 (2)

Average market price per share last 1y (from section 4.1) 24.53 (3)

Average market price per share last 4m (from section 4.1) 25.04 (4)

Average "premium per share" last 5y (from section 4.1) 15.26% (5)

Average "premium per share" last 2y (from section 4.1) 10.95% (6)

Average "premium per share" last 1y (from section 4.1) 16.21% (7)

Average "premium per share" last 4m (from section 4.1) 16.44% (8)

Average growth option value per share (from section 4.2) 5.65 (9)

Average “fundamental premium to market” (last 5 years) 28.68% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 23.16% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 23.03% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 22.56% (13) = (9) / (4)

Sample Group Premium Ratio (last 5 years) 1.88x (14) = (10) / (5)

Sample Group Premium Ratio (last 2 years) 2.12x (15) = (11) / (6)

Sample Group Premium Ratio (last 1 year) 1.42x (16) = (12) / (7)

Sample Group Premium Ratio (last 4 months) 1.37x (17) = (13) / (8)
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These two particular cases (notably Eneva’s) find support in relevant academic 

publications. Venetsanos et al. (2002) applied ROT to the renewable energy field. After 

evaluating a wind power project using the Black–Scholes model, they compared the 

results to the traditional DCF technique. They found the option value was conducive to 

investment, while the DCF approach was not. Frayer and Uludere (2001) also applied 

the Black-Scholes formula to demonstrate that a peaking gas-fired facility might be more 

valuable than a coal-fired power plant, which contradicted the results from the traditional 

DCF methodologies.  

A similar conclusion was reached by Alonso Bonis et al. (2009), after running 

empirical research to conclude there was a material (in this case) positive gap between 

Endesa’s market equity value (which incorporated RO to grow in Brazil) as traded in the 

New York Stock Exchange, and the estimated equity value attributable to Endesa’s 

assets-in-place (derived from a DCF technique).  

Except for AES Brasil and Eneva, results for all other Sample Group companies 

are consistent in all four periods (e.g., RO value is higher than DCF-based value in all 

four periods), although with different intensities. The set of Premium Ratios presented 

in Table 6 is also supported by the literature, which asserts that growth options should 

account for at least half of a company’s value (Pindyck, 1988). Otto (2012), when 

referring to a specific emerging market power project valuation, concluded that the 500 

MW hydroelectric greenfield facility in Uganda was worth US$ 1,038 million when RO’s 

are considered, but only US$ 453 million when not (e.g., RO’s accounted for 

approximately 56% of the project value).     

As we move down to Special Case # 1, the average Fundamental Premium to 

Market and the Premium Ratio increase (relative to the Sample Group figures) in all four 

analyzed periods. The reason for this pattern relies on the exclusion of companies that 

did not inform power generation growth plans (CESP, Equatorial, and Light), which, by 

definition, increases the average Special Case # 1 option value per share relative to the 

Sample Group’s (R$ 7.06 versus R$ 5.65 per share) (see Table 7 for details). 

The Premium Ratio for this group of companies (twelve) was also higher than 

1.00x at all four periods analyzed, and to a larger degree than observed in the Sample 

Group. It ranged from 1.60x (last 1 year) to 2.38x (last 2 years) (see Table 7 for details). 
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Table 7 - Special Case # 1 Fundamental Premium to Market and Premium Ratios  

 

Source: Bloomberg. Table elaborated by the author. 

 

As expected, Special Case # 2’s results deepen the conclusions discussed for 

the Sample Group and Special Case # 1. The average Fundamental Premium to Market 

and the Premium Ratio for this group of companies (six) are above 1.00x at all four time 

periods, by an even larger degree than Special Case # 1, ranging from 4.04x (last 4 

months) to 17.42x (last 2 years) – see Table 8 for details. 

 

Table 8 - Special Case # 2 Fundamental Premium to Market and Premium Ratios  

 

Source: Bloomberg. Table elaborated by the author. 

Consolidated Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 20.05 (1)

Average market price per share last 2y (from section 4.1) 24.76 (2)

Average market price per share last 1y (from section 4.1) 24.89 (3)

Average market price per share last 4m (from section 4.1) 25.41 (4)

Average "premium per share" last 5y (from section 4.1) 16.70% (5)

Average "premium per share" last 2y (from section 4.1) 11.96% (6)

Average "premium per share" last 1y (from section 4.1) 17.77% (7)

Average "premium per share" last 4m (from section 4.1) 17.15% (8)

Average growth option value per share (from section 4.2) 7.06 (9)

Average “fundamental premium to market” (last 5 years) 35.22% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 28.52% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 28.37% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 27.80% (13) = (9) / (4)

Special Case # 1 Premium Ratio (last 5 years) 2.11x (14) = (10) / (5)

Special Case # 1 Premium Ratio (last 2 years) 2.38x (15) = (11) / (6)

Special Case # 1 Premium Ratio (last 1 year) 1.60x (16) = (12) / (7)

Special Case # 1 Premium Ratio (last 4 months) 1.62x (17) = (13) / (8)

Consolidated Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 17.21 (1)

Average market price per share last 2y (from section 4.1) 21.60 (2)

Average market price per share last 1y (from section 4.1) 22.37 (3)

Average market price per share last 4m (from section 4.1) 23.47 (4)

Average "premium per share" last 5y (from section 4.1) 9.66% (5)

Average "premium per share" last 2y (from section 4.1) 2.16% (6)

Average "premium per share" last 1y (from section 4.1) 7.99% (7)

Average "premium per share" last 4m (from section 4.1) 8.56% (8)

Average growth option value per share (from section 4.2) 8.11 (9)

Average “fundamental premium to market” (last 5 years) 47.14% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 37.56% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 36.26% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 34.57% (13) = (9) / (4)

Special Case # 2 Premium Ratio (last 5 years) 4.88x (14) = (10) / (5)

Special Case # 2 Premium Ratio (last 2 years) 17.42x (15) = (11) / (6)

Special Case # 2 Premium Ratio (last 1 year) 4.54x (16) = (12) / (7)

Special Case # 2 Premium Ratio (last 4 months) 4.04x (17) = (13) / (8)
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 The reason for this pattern relies on the fact that Special Case # 2 includes only 

companies whose primary business activity, as measured by their 1Q201 EBITDA’s, 

was power generation. As such, Sample Group companies primarily focused on power 

distribution (CPFL, Energisa, Equatorial, Neoenergia, and Light) or transmission (Alupar 

and Eletrobras) were excluded. These non-power generation associated growth plans 

could be factored in the Sample Group, Special Case # 1, and Special Case # 2’s DCF 

valuations, while they are not in our RO valuation exercise. These understate results.      

 

5.1 DISCUSSION OF RESULTS: DO ANALYSTS INCLUDE RO IN VALUATIONS? 

 

Our findings, as summarized in Appendix G, clearly show that domestic equity 

research analysts do not apply ROT in their Sample Group companies’ valuations. As 

a result, large potential misvaluations are estimated by our research and quantified in 

Tables 6 (Sample Group), 7 (Special Case # 1), and 8 (Special Case # 2).  

The overall results across Tables 6, 7, and 8 can be summarized as follows: (i) 

the average Fundamental Premium-to-Market increases as we move from the Sample 

Group to Special Case # 1, and from this one to Special Case # 2, the reason being that 

the power generation growth optionality becomes more representative within the 

company’s total growth plans; (ii) while analysts apply DCF to evaluate only contracted 

power generation, ROT uncovers the value beyond still uncontracted growth plans; (iii) 

in all-time intervals analyzed and for all 3 case studies researched (e.g., Sample Group, 

Special Case # 1 and Special Case # 2) the Premium Ratios resulted materially above 

1.00x, having increased as we moved along from the Sample Group towards Special 

Case # 2. This material positive gap size may be relevant enough to mitigate potential 

questions arising from the applied methodology or the option valuation parameters that 

we defined in Section 4.2.  

Overall, the results discussed in this chapter find additional academic support in 

Trigeorgis and Manson (1987). They remarked that when traditional DCF techniques 

are used for decision-making purposes, future cash flows are estimated based on the 

assumption of their certainty. If uncertainty exists, DCF is not suitable for valuing 

management flexibility in investment decision-making and may produce biased results.  

Selected case studies also support our findings and conclusions above. On the 

international front: (i) Frayer and Uludere (2001) concluded that, since DCF assigns a 

low value to a typical US gas-fired peaking facility, the latter’s aggregate value could 
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increase almost seven times if RO’s (priced with Black-Scholes) were included. As a 

result, such a peaking gas-fired facility becomes more valuable than a mid-merit coal-

fired plant (even if the latter also accounted for applicable RO’s), which had lower 

marginal costs. This result differs from the one stemming from traditional valuation 

methodologies, which would favor the coal-fired investment; (ii) Venetsanos et al. 

(2002) also applied the Black-Scholes pricing method to value the available RO’s to a 

windmill project in Greece and concluded that, while the NPV rule was not conducive to 

an investment, the combination of negative NPV and materially higher (in module) RO 

values resulted in a positive “expanded NPV”, capable of reverting the initial capital 

budgeting decision; (iii) Bakke et al. (2016) concluded the option to switch operations 

from the spot market to the balanced market in UK and Germany is able to revert the 

negative value resulting from traditional valuation approaches to battery bank projects, 

which assume revenues only stem from spot price time arbitrage.      

In the domestic (Brazilian) power space, two relatively recent case studies 

explicitly applied to the Brazilian power sector also validate our conclusions: (i) Caporal 

et al. (2008) proposed an RO-based valuation model to a small hydropower plant and 

concluded that, whenever the end market switch option value (e.g., the flexibility to 

choose between selling power in the spot market or through long-term PPA’s) is 

accounted for, firm value increases by approximately 35% (from R$ 128.4 million to R$ 

173.3 million) relative to the one obtained through traditional DCF methods; (ii) Fontoura 

et al. (2015) also found that, while NPV of investing in an Elephant grass power plant is 

initially negative, it turns into positive when the value of specific switch options is added. 

In conclusion, the analyzed project becomes economically feasible and, from a broader 

sector perspective, the biomass source becomes a viable alternative to fossil fuels to 

produce fuels and chemicals.   

A third case study, conducted by Brandão and Saraiva (2008), also reinforces 

the suitability of our conclusions, extending its effects to another infrastructure-related 

concession model in Brazil (e.g., toll roads). The exercise used real options to estimate 

the value of Government guarantees in a public-private partnership business model33. 

The authors concluded that: (i) a guarantee of 60% of the expected future traffic revenue 

 
33 This approach was about Governments applying the Real Options methodology to value the guarantees 

they may provide for a minimum future revenue stream to be earned by the concession holders. As a 
decision-making tool, it allows: (i) Governments to choose the best combination of cost (of guarantees) 
and risk reduction (to the concession holder); (ii) entrepreneurs to be more aggressive in their biddings, 
the lower the market risks involved.   
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increases the project value from R$139.8 million to R$206.5 million (e.g., approximately 

48%); (ii) such value augments as the size of the guarantee increases.  

The results and conclusions we discuss in this dissertation, either for the Sample 

Group or Special Cases # 1 and # 2, could be even more compelling, since: (i) we do 

not price growth options that were not made public34; (ii) we only value options in 

isolation, having refrained from inferring the value of compound options (absent private 

information to derive them); (iii) we price only growth options. Other RO’s may 

potentially add value to the exercise, mainly if their correlation with the growth options 

is positive; (iv) we price growth options as if they are European options (e.g., exercise 

only at the end of 5 years), whereas in practice these options resemble the American 

style (e.g., the companies can choose to exercise them at any moment during the five-

year-period). Since American options are more valuable than Europeans, results may 

be understated; (v) conversely, the choice of the (more conservative) Black-Scholes 

model, as opposed to the Binomial Tree, to value real growth options can also have 

understated results; (vi) four out of the six companies comprising the most restrictive 

Special Case # 2 do not operate only (but just majority) generation35. This means part 

of the growth value associated with their power distribution, power transmission, power 

trading, telecommunications and/or gas transportation activities can be factored into the 

brokerage firms’ traditional DCF-based valuations but are certainly not in the RO 

valuation exercise in our research. 

The magnitude of these results overshoots the criticism associated with applying 

the Black-Scholes model as a RO valuation tool to the Brazilian listed power generation 

companies. As Kogut and Kulatilaka (2001, p. 777) preconized, it can “invert the usual 

thinking about uncertainty absorption found in the organizational literature” (e.g., more 

option-like proposals may be considered for capital budget decision-making) and “[be 

conducive to] rethinking non-option proposals to convert them into options”. 

 

  

 
34 Examples: optionality to lease a piece of land for the potential future establishment of wind mill plant, 

or the obtention of a preliminary license to potentially build a future photovoltaic solar cluster. 
35 These were: CEMIG, Copel, EDP Brasil and Engie (see Table 3 in section 4.1 for details). 
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6 CONCLUSION 

  

Based on the results discussed in the previous chapter, we conclude the 

domestic equity research community has systematically failed to recognize a relevant 

RO-derived value (based on public information to which research analysts are exposed) 

behind domestic power generation growth plans.  

We found compelling empirical evidence that ROT is not used by domestic sell-

side equity research analysts covering the Sample Group companies. As a result, large 

potential misvaluations arise, as we have demonstrated.   

After reviewing 344 (from a total estimated 368) equity research reports or 

analyses on Brazilian listed power generation companies produced between December 

31, 2020, and April 30, 2021, we realize that only DCF valuation techniques (some 

combined with multiples valuation) are applied. No single mention to ROT is made.  

This arises as a potential consequence of analysts’ behavioral biases, as much 

as their limited attention span to the power generation sector (considering its under-

representativeness at IBOVESPA), potential technical limitations (to build up intuitive 

models), and restrictive assumptions required to obtain analytical solutions. On the flip 

side, project managers that feed research analysts with project valuation information 

also suffer from behavioral biases and are frequently exposed to reward mechanism 

misalignment with project owners (resulting in agency problems). 

The literature reviewed indicate ROT has been increasingly used in the more 

advanced economies since the early 2000s, not only for more volatile sectors and 

business models but also for power generation activity. Following this trend, we expect 

it may become a more disseminated practice in Brazil at some point in the future.  

Local credit and/or technology fintechs, whose business models are more volatile 

and sometimes disruptive (e.g., the already listed PagSeguro, Banco Inter, Stone, XP 

Investimentos, Locaweb and NuBank, and the still unlisted C6 Bank) may be stronger 

candidates to inaugurate this shift in domestic research valuation practices. If this 

scenario materializes, and RO takes even longer to be used by domestic equity 

research analysts covering the power sector, the glitch on the Sample Group company’s 

valuations, as suggested in this dissertation title, should be more than just temporary.     

The drawback to our research relies on the Brazilian power generation market 

being limited in size (only 15 listed companies), which reflects the Brazilian stock market 
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structure: (i) just 80 listed economic groups had shares included at IBOVESPA stock 

index at the end of April 2021 (9 of which comprised the Sample Group) (see Appendix 

F); (ii) the IBOVESPA stock index had 20% of its average daily trading volume 

concentrated in only two stocks (Vale and Petrobras) between January 2019 and April 

2021 (source: Bloomberg). 

The results of our research reaffirm the postulates of ROT and find academic 

support in several theoretical and empirical research publications produced since the 

late 1990s, whether covering the electric energy sector in other countries or specifically 

in Brazil, whether targeting a specific power generation source (e.g., thermal or wind) 

or a case study (e.g., Endesa, Elephant grass or small hydroelectric project).      

The scope of this research could be further expanded to cover other capital-

intensive sectors (e.g., oil and gas, toll roads, ports, railways, water and sewage, and 

airport sectors) either in Brazil or in other Latin American countries (e.g., Mexico, Chile, 

Colombia, and Peru). Long-term capital budgeting decisions in those emerging markets 

are frequently taken in a context of high volatility and future cash flow uncertainty, where 

RO’s are most valuable. On the analysts’ behavioral biases side, two hypotheses behind 

RO underuse in Brazil, raised in Section 3.1, might deserve further research: the illusion 

of control and social proof biases. This perspective may base a future Doctoral thesis. 
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APPENDICES 

 

APPENDIX A – AVERAGE PREMIUM PER COMPANY SHARE36  

 

(i) AES Brasil (B3 ticker: AESB3): 

 

Figure 9 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) The Target Price range between January 7, 2019, and February 15, 2021, was informed by 
AES Brasil IR Department. Bloomberg ANR function did not return any data for that period or 
before;   

(b) AES Brasil did not return similar information for prior dates;   
(c) The following market price data were also missing on Bloomberg: from April 18, 2016, to June 

6, 2016; July 18, 2016; August 22, 2016; and September 19, 2016;  
(d) In all cases identified in (c) above, a simple average of the immediately prior and following 

values was applied.            

 

Table 9 - Average Premium Per Share 

 
 

  

 
36 All original values were sourced from Bloomberg. The tables and calculations were elaborated on by 

the author. 

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 14.08 15.42 16.03 16.39

Average target price per share       (B) 14.14 14.28 15.17 16.05

Average premium per share           (C) = ((B) / (A)) - 1 0.45% (7.38%) (5.37%) (2.06%)

Note: all values in Reais, unless otherwise stated.
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(ii) Alupar (B3 ticker: ALUP11): 

 

Figure 10 - Weekly Price Statistics Evolution 

 

 

(iii) CEMIG (B3 ticker: CMIG4): 

 

Figure 11 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) Bloomberg ANR function did not return the following Target Price range: June 9, 2014, to 
September 7, 2015;  

(b) A simple average of the immediately prior and subsequent values was applied.       

 

Table 11 - Average Premium Per Share 

 

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 20.61 25.09 24.61 25.42

Average target price per share       (B) 24.55 28.41 29.27 29.90

Average premium per share           (C) = ((B) / (A)) - 1 19.13% 13.23% 18.95% 17.64%

Note: all values in Reais, unless otherwise stated.

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 9.02 11.05 10.51 11.73

Average target price per share       (B) 10.31 12.87 12.35 13.11

Average premium per share           (C) = ((B) / (A)) - 1 14.27% 16.52% 17.46% 11.81%

Note: all values in Reais, unless otherwise stated.

 

 

Table 10: Average Premium Per Share      
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(iv) CESP (B3 ticker: CESP6):  

 

Figure 12 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) Bloomberg ANR function did not return the Target Price range: December 24, 2012, to October 
13, 2014;  

(b) A simple average of the immediately prior and subsequent values was applied.       

 

Table 12 - Average Premium Per Share 

 

 

(v) Copel (B3 ticker: CPLE6): 

 

Figure 13 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) Bloomberg ANR function did not return the Target Price range: December 24, 2012, to October 
13, 2014;  

(b) A simple average of the immediately prior and subsequent values was applied.       

 

Table 13 - Average Premium Per Share 

 

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 21.33 28.68 28.55 27.93

Average target price per share       (B) 24.67 32.14 34.09 34.94

Average premium per share           (C) = ((B) / (A)) - 1 15.68% 12.06% 19.41% 25.07%

Note: all values in Reais, unless otherwise stated.

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 4.12 6.06 6.48 6.53

Average target price per share       (B) 4.69 6.17 6.84 7.06

Average premium per share           (C) = ((B) / (A)) - 1 13.63% 1.82% 5.51% 8.07%

Note: all values in Reais, unless otherwise stated.
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(vi) CPFL (B3 ticker: CPFE3): 

 

Figure 14 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) Bloomberg ANR function did not return the following Target Price ranges: March 5, 2018, to 
August 20, 2018; October 8, 2018; November 12, 2018, to July 15, 2019;  

(b) A simple average of the immediately prior and following values was applied for each range.       

 

Table 14 - Average Premium Per Share 

 

 

(vii) EDP Brasil (B3 ticker: ENBR3): 

 

Figure 15 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) Bloomberg ANR function did not return the Target Price ranges: May 5, 2014; June 9, 2014, to 
December 1, 2014;  

(b) A simple average of the immediately prior and following values was applied for each range.       
 

Table 15 - Average Premium Per Share 
    

 

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 27.39 31.33 30.45 30.67

Average target price per share       (B) 30.57 36.33 35.77 37.47

Average premium per share           (C) = ((B) / (A)) - 1 11.62% 15.96% 17.46% 22.18%

Note: all values in Reais, unless otherwise stated.

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 16.08 18.86 18.39 19.04

Average target price per share       (B) 18.58 20.83 21.29 22.03

Average premium per share           (C) = ((B) / (A)) - 1 15.61% 10.44% 15.77% 15.68%

Note: all values in Reais, unless otherwise stated.
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(viii) Eletrobras (B3 ticker: ELET6): 

 

Figure 16 - Weekly Price Statistics Evolution 

 

 Notes:  
 

(a) Bloomberg ANR function did not return the Target Price range: December 9, 2013, to November 
10, 2014;  

(b) A simple average of the immediately prior and subsequent values was applied. 
 

Table 16 - Average Premium Per Share 

 

 

(ix) Energisa (B3 ticker: ENGI11): 

 

Figure 17 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) Bloomberg ANR function did not return the Market Price for January 19, 2015;  
(b) A simple average of the immediately prior and subsequent values was applied. 

 

Table 17 - Average Premium Per Share 

 

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 28.22 35.12 33.46 33.17

Average target price per share       (B) 36.26 44.20 48.56 42.26

Average premium per share           (C) = ((B) / (A)) - 1 28.48% 25.86% 45.16% 27.43%

Note: all values in Reais, unless otherwise stated.

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 32.66 45.50 47.33 45.93

Average target price per share       (B) 41.88 54.47 56.46 56.39

Average premium per share           (C) = ((B) / (A)) - 1 28.22% 19.73% 19.30% 22.79%

Note: all values in Reais, unless otherwise stated.
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(x) Eneva (B3 ticker: ENEV3): 

 

Figure 18 - Weekly Price Statistics Evolution 

 

 

Table 18 - Average Premium Per Share 

 

 

(xi) Engie (B3 ticker: EGIE3): 

 

Figure 19 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) Bloomberg ANR function did not return the Target Price range for June 3, 2013, to September 
15, 2014;  

(b) A simple average of the immediately prior and subsequent values was applied. 

 

Table 19 - Average Premium Per Share 

 

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 6.44 10.90 13.66 16.72

Average target price per share       (B) 7.54 9.31 11.40 14.37

Average premium per share           (C) = ((B) / (A)) - 1 17.20% (14.57%) (16.50%) (14.03%)

Note: all values in Reais, unless otherwise stated.

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 36.17 44.05 42.57 42.25

Average target price per share       (B) 37.98 45.57 48.27 48.89

Average premium per share           (C) = ((B) / (A)) - 1 5.02% 3.44% 13.39% 15.73%

Note: all values in Reais, unless otherwise stated.
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(xii) Equatorial (B3 ticker: EQTL3): 

 

Figure 20 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) Bloomberg ANR function did not return the Target Price range for: March 4, 2013, to July 4, 2016;  
(b) A simple average of the immediately prior and subsequent values was applied. 

 

Table 20 - Average Premium Per Share 

 

 

(xiii) Light (B3 ticker: LIGT3): 

 

Figure 21 - Weekly Price Statistics Evolution 

 

Notes:  
 

(a) Bloomberg ANR function did not return the Target Price range for: May 20, 2013, to April 28, 
2014;  

(b) A simple average of the immediately prior and subsequent values was applied. 

 

Table 21 - Average Premium Per Share 

 

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 15.86 21.21 22.26 22.68

Average target price per share       (B) 16.05 21.60 22.99 24.54

Average premium per share           (C) = ((B) / (A)) - 1 1.17% 1.80% 3.28% 8.19%

Note: all values in Reais, unless otherwise stated.

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 17.64 18.79 18.51 20.10

Average target price per share       (B) 19.01 19.47 18.79 20.71

Average premium per share           (C) = ((B) / (A)) - 1 7.78% 3.62% 1.53% 3.00%

Note: all values in Reais, unless otherwise stated.
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(xiv) Neoenergia (B3 ticker: NEOE3): 

 

Figure 22 - Weekly Price Statistics Evolution 

 

 

Table 22 - Average Premium Per Share 

 

 

(xv) Omega (B3 ticker: OMGE3): 

 

Figure 23 - Weekly Price Statistics Evolution 

 
 

Table 23 - Average Premium Per Share 

 

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 19.47 19.47 18.08 17.14

Average target price per share       (B) 24.00 24.00 24.37 25.12

Average premium per share           (C) = ((B) / (A)) - 1 23.31% 23.31% 34.82% 46.53%

Note: all values in Reais, unless otherwise stated.

Company Statistics 5 years 2 years 1 year 4 months

Average market price per share     (A) 26.37 34.31 37.09 39.88

Average target price per share       (B) 30.29 36.23 41.97 44.46

Average premium per share           (C) = ((B) / (A)) - 1 14.87% 5.61% 13.16% 11.50%

Note: all values in Reais, unless otherwise stated.
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APPENDIX B - COMPANIES’ SUMMARIZED GROWTH PLANS IN GENERATION  

 

(i) AES Brasil (B3 ticker: AESB3)37:  its announced growth plans in the generation 

sector (1,791 MW of new weighted average capacity to be raised and added to 

its current portfolio) can be summarized as follows: (a) 159 MW: acquisition of 

brownfield wind clusters “MS” and “Santos”, respectively in Rio Grande do Norte 

and Ceará States; (b) 1,100 MW: development of wind cluster “Cajuína” in the 

Rio Grande do Norte State, split as:  211 MW of projects with signed Power 

Purchase Agreements (“PPA”) and 889MW of projects without PPA's signed, 

which are subject to AES Brasil's growth decision; (c) 241 MW additional wind 

pipeline (the gap between 1.5 GW of wind turbines already procured with Nordex 

and sub-items i and ii above); (d) 582.8 MW: "Tucano" windmill cluster in Bahia 

State, through a 50/50 joint venture with Unipar Carbocloro S.A.  Capex 

informed: R$ 4 million / average installed MW.  Project to be developed in 03 

phases: phase 1: 155 MW (PPA already signed with Unipar); phase 2: 167.4 MW 

(PPA signed with Anglo American); phase 3: 260.4 MW (no PPA yet); 

 

(ii) Alupar (B3 ticker: ALUP11)38: its announced growth plans in the generation 

sector (280 MW of new weighted average capacity to be raised and added to its 

current portfolio) can be summarized as follows: (a) 23MW: new small 

hydroelectric plant to be built ("Antonio Dias", 90% equity stake); (b) 58.8MW: 

new windmill plant ("Agreste Potiguar", 100% equity stake); (c) 200MW: new 

wind projects to be developed (100% equity stake); 

 
(iii) Cemig (B3 ticker: CMIG4)39: its announced growth plans in generation (1,732 

MW of new weighted average capacity to be raised and added to its current 

 
37 Sources: fhttps://ri.aesbrasil.com.br/listresultados.aspx?idCanal=H4N+qOKmd8kTvgHh/DI6xQ==; 

https://istoe.com.br/aes-tiete-adquire-o-complexo-eolico-ventus/ 
https://www.canalenergia.com.br/noticias/53164555/aes-brasil-inicia-as-obras-do-complexo-eolico-
tucano-na-bahia.  Sub-items (a), (b) and (c) already include the “Ventus” wind cluster (187MW, located 
in Rio Grande do Norte State) acquired by AES Brasil (former AES Tietê) in August 2020.   

38 Sources: http://ri.alupar.com.br/info-financeira/apresentacoes-e-teleconferencias/ 

https://www.canalenergia.com.br/noticias/53167202/lucro-liquido-cresce-e-alupar-termina-2020-com-
r-942-milhoes 

39 Sources: http://ri.cemig.com.br/servicos-aos-investidores/central-de-downloads/ 

https://www.istoedinheiro.com.br/cemig-deve-investir-r225/ 
https://valor.globo.com/empresas/noticia/2020/09/15/cemig-se-prepara-para-crescer-em-geracao-a-
partir-de-fontes-renovaveis.ghtml 

 

https://istoe.com.br/aes-tiete-adquire-o-complexo-eolico-ventus/
https://www.canalenergia.com.br/noticias/53164555/aes-brasil-inicia-as-obras-do-complexo-eolico-tucano-na-bahia
https://www.canalenergia.com.br/noticias/53164555/aes-brasil-inicia-as-obras-do-complexo-eolico-tucano-na-bahia
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portfolio) are based on new windmills and solar farms in Minas Gerais State, split 

as: 415 MW windmills divided into 3 clusters; 60 MW of a new solar plant in the 

"Três Marias" hydroelectric reservoir; and 1,257 MW in other greenfield wind 

projects that CEMIG intends to acquire through public tenders in 2021; 

 
(iv) Cesp (B3 ticker: CESP6)40: The company has not announced any growth plans 

in generation, but: (a) vaguely indicated it would announce them in due course; 

(b) formalized it is instead focused at this point on historical legal claims reduction 

as the primary source of shareholder value creation; 

 
(v) Copel (B3 ticker: CPLE6)41: its announced growth plans in the generation sector 

(2,400 MW of new weighted average capacity to be raised and added to its 

current portfolio) can be summarized as follows: (a) 186.7 MW: “Vilas” windmill 

cluster in the Rio Grande do Norte State (the company informed this cluster has 

a 2.4 GW of total potential to be developed); (b) 90.1 MW: “Jandaíra” windmill 

cluster also in the Rio Grande do Norte State; (c) 29 MW: “Bela Vista” small 

hydroelectric power plant to be located in Paraná State; (d) 1,053 MW42: during 

“Copel Day” (March 2021) the Company informed it targets to acquire: solar 

clusters with 100 MW (or higher) capacity and windmill clusters with at least 

150MW of total capacity.  Priority was informed to be placed in projects in Rio 

Grande do Norte or the Paraná States, where Copel already operates.  So far, 

the Company did not provide clear guidance for target generation capacity 

increase.  As a result, we chose to consider the highest potential capacity 

increase that Copel has announced to the market (e.g., 2.4GW); 

 
40 Sources: https://ri.cesp.com.br/eventos-e-apresentacoes/apresentacoes-teleconferencias/ 

https://www.canalenergia.com.br/noticias/53163609/expansao-ainda-esta-fora-do-radar-da-cesp 
41 Sources: https://ri.copel.com/servicos-aos-investidores/central-de-downloads 

https://www.biomassabioenergia.com.br/imprensa/copel-adquire-complexo-eolico-e-aumenta-em-29-
a-capacidade-de-geracao-no/20210518-154544-p260 
https://smartenergy.org.br/copel-vai-construir-novo-complexo-eolico-no-rn/ 
https://www.canalenergia.com.br/noticias/53167371/copel-quer-ativos-maiores-e-projetos-solares-
em-mix-com-eolicas 
https://economia.uol.com.br/noticias/reuters/2021/01/22/copel-ve-dividendo-nos-limites-de-nova-
politica-apesar-de-pedido-do-governo-estadual.htm 

42 Since Copel’s CEO became public that Copel participated in the competitive sales process to acquire 
“Rio Energy” (629MW of wind capacity plus 424MW of "auction ready" wind mill projects located in 
Bahia and Ceará States) from Denham Capital, as well as “Mangue Seco” (104MW wind mill cluster in 
Rio Grande do Norte State), and in the absence of a targeted number of MW’s to be acquired or 
developed, we assumed the highest additional capacity between “Rio Energy” and “Mangue Seco” 
(e.g., “Rio Energy”: 1,053 MW). 
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(vi) CPFL Energia (B3 ticker: CPFE3)43: its announced growth plans in the 

generation sector are ambiguous.  On the one hand, on March 24, 2021, CPFL 

suggested it would invest R$ 15.22 billion (R$ 1.28 billion in generation) in 2021-

2025.  On the other hand, it has indicated in the 1Q21 press release that its 

generation pipeline (wind, solar and small hydroelectric projects) could build up 

to 3,350 MW in weighted average new capacity. Assuming the materialization of 

this pipeline depends upon several conditions precedent that the Company does 

not directly control (e.g., environmental licenses or attractive PPA prices in the 

free market), but, on the other hand, not willing to miss out on this potential 

growth opportunity to value CPFL’s real option, we chose to consider 3,350 WM 

as CPFL’s growth plan;  

 
(vii) EDP Brasil (B3 ticker: ENBR3)44: its announced growth plans in the generation 

sector (950 MW of new weighted average capacity to be raised and added to its 

current portfolio) in the period 2021-2015 will be focused on solar generation (R$ 

3 billion estimated Capex);  

 
(viii) Eletrobras (B3 ticker: ELET6)45: the group has informed two mutually exclusive 

scenarios for new investments in generation and transmission in 2020-2035: (a) 

without capitalization (e.g., privatization): R$ 95.1 billion; (b) with capitalization: 

R$ 201.9 billion.  We chose to consider scenario i above as our base case, as 

the company’s capitalization is still subject to congressional approval. Future 

investment decisions under scenario ii will depend on the new Management and 

 
43 Sources: https://cpfl.riweb.com.br/listresultados.aspx?idCanal=8Sa/H2RHBuSCDxu1tzX78w== 

https://cpfl.riweb.com.br/ShowApresentacao.aspx?IdApresentacao=ZCnRS1mUN7B2qGRT6SrslA== 
https://www.cpfl.com.br/releases/Paginas/cpfl-energia-tem-lucro-de-rs-3-70-bi-em-2020.aspx 
https://valor.globo.com/empresas/noticia/2021/05/14/cpfl-energia-lucra-no-1o-tri-e-busca-vias-de-
crescimento.ghtml 

44 Sources: https://ri.edp.com.br/en/financial-information/earnings-release/ 
https://www.investe.sp.gov.br/noticia/edp-brasil-tem-planos-de-investir-cerca-de-r-10-bilhoes-no-
brasil-entre-2021-e-2025/ 
https://valor.globo.com/empresas/noticia/2021/04/26/plano-estrategico-da-edp-brasil-preve-r-10-bi-
em-investimentos-ate-2025.ghtml 
https://valor.globo.com/empresas/noticia/2021/04/26/edp-coloca-a-venda-hidreletricas-no-pais-para-
crescer-em-solar.ghtml 

45 Sources: https://ri.https://eletrobras.com/pt/Paginas/Plano-Estrategico.aspx 
https://eletrobras.com/pt/ri/DemonstracoesFinanceiras/Informe%20Investidores%201T21.pdf 
https://www.agenciacma.com.br/plano-2020-2035-da-eletrobras-preve-2-cenarios-de-investimentos/ 
https://valor.globo.com/empresas/noticia/2020/12/23/eletrobras-plano-de-negocios-preve-
investimentos-de-r-411-bi-de-2021-a-2025.ghtml 

https://valor.globo.com/empresas/noticia/2021/04/26/plano-estrategico-da-edp-brasil-preve-r-10-bi-em-investimentos-ate-2025.ghtml
https://valor.globo.com/empresas/noticia/2021/04/26/plano-estrategico-da-edp-brasil-preve-r-10-bi-em-investimentos-ate-2025.ghtml
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Board of Directors.  In "Plano Estratégico Eletrobras 2021-2035"46, the group 

indicated a shorter expansion plan (2021-2025), entailing R$ 41.1 billion Capex.  

As 2021-2025 is a more credible time frame for applicable domestic discount 

rates, we based our growth option valuation on this (shorter) one. The 2021-2025 

growth plan in generation (19,849 MW) can be summarized as: (a) R$ 15.3 

billion: new nuclear plant ("Angra 3"); (b) R$ 2.5 billion: increase in existing 

renewable plants (controlled by Eletrobras)' capacities; (c) R$ 2 billion: 

investment in existing Special Purpose Entities (SPE's) in which Eletrobras is a 

minority investor; 

 

(ix) Energisa (B3 ticker: ENGI11)47: its announced growth plans in generation (1,025 

MW of new weighted average capacity to be raised and added to its current 

portfolio) shall be focused on the distributed generation (solar) business.  Since 

the company disclosed only 2021 estimated solar Capex (R$ 205 million), and 

the Capex execution time frame for solar projects in Brazil is shorter than one 

year, we chose to extrapolate this figure for five years linearly; 

 
(x) Eneva (B3 ticker: ENEV11)48: its announced growth plans in the generation 

sector (618 MW of new weighted average capacity to be raised and added to its 

current portfolio) can be summarized as follows: (a) 141MW and  625k m3/day 

gas production ("Azulão-Jaguatirica" project): gas production in Amazonas State 

combined with a gas-fired thermal power plant to be built in Roraima State (R$ 

2.1 billion Capex); (b) 385MW: "Parnaíba V" gas-fired thermal power plant to be 

built in Maranhão State (R$ 1.5 billion Capex) and (c) 92 MW: "Parnaíba VI" gas-

fired thermal power plant to be built in Maranhão State (R$ 500 million Capex); 

 
(xi) Engie (B3 ticker: EGIE3)49: its announced growth plans in generation (1,843 MW 

of new weighted average capacity to be raised and added to its current portfolio) 

 
46 In English: “Eletrobras’ Strategic Plan for 2021-2035”. 
47 Source: https://ri.energisa.com.br/informacoes-financeiras-e-operacionais/central-de-resultados/ 
48 Sources: https://ri.eneva.com.br/informacoes-financeiras-e-operacionais/apresentacao-e-

teleconferencia/ 
http://www.brainmarket.com.br/2021/01/28/eneva-aposta-no-crescimento-do-mercado-livre-de-gas-
em-2021/ 
https://www.investimentosenoticias.com.br/noticias/negocios/eneva-registra-ebitda-recorde-no-1t21 

49 Sources: https://www.engie.com.br/investidores/ 
https://www.engie.com.br/imprensa/press-release/grupo-engie-refina-estrategia-para-acelerar-
crescimento-em-renovaveis-e-infraestrutura/ 

https://ri.eneva.com.br/informacoes-financeiras-e-operacionais/apresentacao-e-
https://ri.eneva.com.br/informacoes-financeiras-e-operacionais/apresentacao-e-
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can be summarized as: (a) 281.4 MW: wind cluster "Campo Largo II" (location: 

Umburanas and Sento Sé, Bahia State.  Engie's stake: 100%); (b) 434 MW: wind 

cluster "Santo Agostinho - Phase I" (location: Lajes and Pedro Avelino, Rio 

Grande do Norte State.  Engie's stake: 100%); (c) 400 MW: solar cluster "Campo 

Largo" (location: Umburanas and Sento Sé, Bahia State.  Engie's stake: 100%); 

(d) 366 MW: wind cluster "Santo Agostinho - Phase II” (location: Lajes and Pedro 

Avelino, Rio Grande do Norte State.  Engie's stake: 100%); (e) 250 MW: wind 

cluster "Umburanas - Phase II” (location: Umburanas, Bahia State.  Engie's 

stake: 100%); (vi) 250 MW: wind cluster "Campo Largo III" (location: Umburanas 

and Sento Sé, Bahia State.  Engie's stake: 100%); (f) 120 MW: solar cluster 

"Assú, Centrais I, II, III and IV" (location: Assú, Rio Grande do Norte State.  

Engie's stake: 100%); (g) 90 MW: solar cluster "Alvorada" (location: Bom Jesus 

da Lapa, Bahia State.  Engie's stake: 100%); 

 

(xii) Equatorial (B3 ticker: EQTL3)50: The Company informed its growth plans are 

centered in the power distribution sector (Capex to be mainly directed to the 

recently acquired CEEE-D in a privatization auction held in 1H2021) and 

potentially also in water & sanitation (a new business field for Equatorial).  

Although the Company has a presence in the generation sector in Brazil (25% 

equity stake at Geramar), no generation growth plans were informed;   

 
(xiii) Light (B3 ticker: LIGT3)51: Despite having 1,188 MW of installed capacity 

(45.24% of the 1Q21 EBITDA), Light informed its growth plans are centered in 

the distribution sector in its concession region (the Rio de Janeiro Metropolitan 

region) and that it has no plans to grow in the generation sector.  On the contrary: 

(a) Hydroelectric power plant “Itaocara” (77MW) will be returned to the granting 

power at concession end; (b) small hydroelectric plants “Paracambi” (13MW) and 

 
https://www.engie.com.br/imprensa/press-release/engie-brasil-energia-registra-lucro-liquido-de-r-28-
bilhoes-em-2020/ 
https://valor.globo.com/empresas/noticia/2021/02/12/engie-brasil-vai-investir-r-35-bi-no-pais-este-
ano.ghtml 

50 Sources: https://ri.equatorialenergia.com.br/pt-br/divulgacao-e-resultados/apresentacoes- 
institucionais/ 
https://valor.globo.com/empresas/noticia/2021/05/13/equatorial-mira-oportunidades-de-crescimento-
mas-nao-so-no-setor-eletrico.ghtml 

51 Sources: http://ri.light.com.br/divulgacoes-e-resultados/apresentacoes-institucionais/ 
https://www.canalenergia.com.br/noticias/53167014/light-prepara-plano-estratregico-para-combater-
perdas 

https://valor.globo.com/empresas/noticia/2021/02/12/engie-brasil-vai-investir-r-35-bi-no-pais-este-ano.ghtml
https://valor.globo.com/empresas/noticia/2021/02/12/engie-brasil-vai-investir-r-35-bi-no-pais-este-ano.ghtml
https://ri.equatorialenergia.com.br/pt-br/divulgacao-e-resultados/apresentacoes-
https://valor.globo.com/empresas/noticia/2021/05/13/equatorial-mira-oportunidades-de-crescimento-
https://valor.globo.com/empresas/noticia/2021/05/13/equatorial-mira-oportunidades-de-crescimento-
https://www.canalenergia.com.br/noticias/53167014/light-prepara-plano-estratregico-para-combater-perdas
https://www.canalenergia.com.br/noticias/53167014/light-prepara-plano-estratregico-para-combater-perdas
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“Ganhães” (22MW) are being divested.  No generation growth plans for the 

foreseeable future were uncovered;   

 
(xiv) Neoenergia (B3 ticker: NEO3)52: its announced growth plans in generation (1,138 

MW of new weighted average capacity to be raised/added to its portfolio) can be 

summarized as: (a) 471.2MW: "Chafariz" windmill cluster (in Paraíba State); (b) 

566.5 MW: "Oitis" windmill cluster (in the Piauí and Bahia States); (c) 100 MW: 

"Luzia II" and "Luzia III" solar power clusters (in the Paraíba State); 

 
(xv) Omega (B3 ticker: OMGE3)53: its announced growth plans in generation (1,036 

MW of new weighted average capacity to be raised and added to its current 

portfolio) can be summarized as follows: (a) 450 MW: "Assuruá 4" and "Assuruá 

V" windmill clusters; (b) 183 MW (50% stake in partnership with EDF): "Ventos 

da Bahia 1" and "Ventos da Bahia 2" windmill clusters (in Bahia State); (c) 402 

MW (78% stake): "Santa Vitória do Palmar" windmill cluster (in the Rio Grande 

do Sul State); (d) 180.8 MW (99.99% stake): "Hermenegildo I", "Hermenegildo 

II", "Hermenegildo III" and "Chuí IX" windmill clusters (in the Rio Grande do Sul 

State). 

 

 

  

 
52 Sources: http://ri.neoenergia.com/a-companhia/estrategia-e-vantagens-competitivas/ 

http://ri.neoenergia.com/resultados-e-indicadores/apresentacoes-e-teleconferencias/ 
53 Sources: http://www.omegageracao.com.br/informacoes-ao-mercado/informacoes-financeiras/ 

https://www.moneytimes.com.br/omega-cresce-mais-de-sete-vezes-desde-ipo-em-2017-e-tem-
expertise-para-aquiscoes/ 
https://www.canalenergia.com.br/noticias/53157466/omega-adquire-50-de-dois-parques-eolicos-da-
edf-na-bahia 
https://www.canalenergia.com.br/noticias/53156272/eletrobras-conclui-venda-de-complexo-eolico-
chui 

http://ri.neoenergia.com/resultados-e-indicadores/apresentacoes-e-teleconferencias/
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APPENDIX C - GROWTH OPTION VALUATION PER COMPANY54 

 

(i) AES Brasil (B3 ticker: AESB3): 

 

Table 24 - Growth Option Valuation 

 

 
 
  

 
54 All original values were sourced from Bloomberg. The tables and calculations were elaborated on by 

the author. 

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.048

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  21.80% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 5.39 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 15.60 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average 

between 8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 3.27 (5)

d2 2.78 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 12.03 R$ / share (9)

Number of shares 399,106,520
Total shares.  All common shares ("Novo Mercado ").  

Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan 1,791
In weighted average MW.  Source: Company's 

investor presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 4.00
In R$ million / MW.  Based on AES' informed Capex 

for "Tucano" wind cluster (under development).
(12)

Project's estimated EV (Book Value) 7,166 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 5,016 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 2,150 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x

Median inflation-adjusted EV/MW, in R$ million.  

From Jan/14 to Apr/21 (see specific appendix for 

details).

(17)

EV (from Transaction Comparables) 10,703 In R$ millions. (18) = (11) * (17)

Net Debt 5,016 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 5,687 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 2.90x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 11,243 In R$ millions. (22) = (23) + (24)

Net Debt 5,016 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 6,227 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 6,227 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(ii) Alupar (B3 ticker: ALUP11): 

 

Table 25 - Growth Option Valuation 

 

Note: Since Bloomberg returns P/B figures that result from the market capitalization divided by the 
number of UNIT's, we adjusted the calculation to account for the number of Alupar’s common and 
preferred shares and arrive at the correct P/B figures. Since each Alupar UNIT accounts for three shares 
(two preferred and one common), we divided Bloomberg’s returned figures by 3. 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.017

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  13.16% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 0.48 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 0.79 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 3.24 (5)

d2 2.95 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 0.47 R$ / share (9)

Number of shares 879,111,269

Total shares: common and preferred ("Nível 2 ").  

Source: B3 stock exchange.  ALUP11 (UNITs) has 

higher liquidity than common and preferred shares.

(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan 280
In weighted average MW.  Source: Company's investor 

presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 5.00
In million Reais/MW.  Estimation obtained from 

Company's IR.
(12)

Project's estimated EV (Book Value) 1,398 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 978 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 419 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 1,670 In R$ millions. (18) = (11) * (17)

Net Debt 978 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 692 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 0.37x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 1,135 In R$ millions. (22) = (23) + (24)

Net Debt 978 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 157 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 692 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)



84 

 

 

(iii) CEMIG (B3 ticker: CMIG4): 

 

Table 26 - Growth Option Valuation 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.035

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  18.67% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 1.38 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 2.89 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 2.96 (5)

d2 2.54 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 0.99 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 1.97 R$ / share (9)

Number of shares 1,693,362,068
Total shares: common and preferred ("Nível 1 ").  

Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan 1,732
In weighted average MW.  Source: Company's investor 

presentations and audio in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 4.50
In million Reais/MW.  Source: Company's investor 

presentations and audio in IR website.
(12)

Project's estimated EV (Book Value) 7,794 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and industry 

practice for greenfield projects.
(14)

Net Debt 5,456 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 2,338 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 10,348 In R$ millions. (18) = (11) * (17)

Net Debt 5,456 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 4,893 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 0.80x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 2011) 

up to end of Apr/21.

(21)

EV (from P/B, this Company) 7,332 In R$ millions. (22) = (23) + (24)

Net Debt 5,456 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 1,876 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 4,893 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(iv) CESP (B3 ticker: CESP6):  

 

Table 27 - Growth Option Valuation 

 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.024

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  15.50% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 0.00 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 0.00 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 3.48 (5)

d2 3.14 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 0.00 R$ / share (9)

Number of shares 327,502,673
Total shares: common and preferred ("Nível 1 ").  

Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan 0
In weighted average MW.  Source: Company's investor 

presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 4.50
In million Reais/MW.  Source: Company's investor 

presentations and audio in IR website.
(12)

Project's estimated EV (Book Value) 0 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 0 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 0 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 0 In R$ millions. (18) = (11) * (17)

Net Debt 0 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 0 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 0.65x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 0 In R$ millions. (22) = (23) + (24)

Net Debt 0 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 0 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 0 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(v) Copel (B3 ticker: CPLE6): 

 

Table 28 - Growth Option Valuation 

  

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.029

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  17.17% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 1.33 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 2.14 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 2.51 (5)

d2 2.13 (6)

N(d1) 0.99 - (7) = NORM.S.DIST applied to (5)

N(d2) 0.98 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 1.27 R$ / share (9)

Number of shares 2,736,553,750

Total shares: common and preferred ("Nível 1 ").  

Source: B3 stock exchange.  Copel started being 

traded through UNIT's (ticker: CPLE11) in April 26, 

2021. Besides, CPLE6 has higher liquidity than 

CPLE11.

(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan
2,400

In weighted average MW.  Source: Company's investor 

presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 5.04

In million Reais/MW.  Based on the informed cost to 

develop the Jandaíra wind mill cluster and the Bela 

Vista small hydro.  

(12)

Project's estimated EV (Book Value) 12,101 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 8,471 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 3,630 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 14,340 In R$ millions. (18) = (11) * (17)

Net Debt 8,471 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 5,869 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 0.50x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 10,275 In R$ millions. (22) = (23) + (24)

Net Debt 8,471 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 1,804 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 5,869 In R$ millions. Basis for "S" (2) (25) = Max. between (20) and (24)
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(vi) CPFL (B3 ticker: CPFE3): 

 

Table 29 - Growth Option Valuation 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.017

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  13.02% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 3.92 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 9.24 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 4.50 (5)

d2 4.20 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 6.64 R$ / share (9)

Number of shares 1,152,254,440
Total shares equal common and preferred ("Novo 

Mercado ").  Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan
3,350

In weighted average MW.  Sources: Company's investor 

presentations and audio in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 4.50
In million Reais/MW.  Cost per MW estimated for 

Gameleira Wind Complex (Rio Grande do Norte State).  
(12)

Project's estimated EV (Book Value) 15,075 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 10,553 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 4,523 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 20,016 In R$ millions. (18) = (11) * (17)

Net Debt 10,553 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 9,463 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 2.35x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 2011) 

up to end of Apr/21.

(21)

EV (from P/B, this Company) 21,202 In R$ millions. (22) = (23) + (24)

Net Debt 10,553 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 10,650 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 10,650 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(vii) EDP Brasil (B3 ticker: ENBR3): 

 

Table 30 - Growth Option Valuation 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.019

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  13.90% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 1.48 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 5.89 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 5.91 (5)

d2 5.60 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 4.91 R$ / share (9)

Number of shares 606,850,394
Total shares equal common and preferred ("Novo 

Mercado ").  Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan
950

In weighted average MW.  Sources: Company's investor 

presentations and audio in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 3.16

In million Reais/MW.  As made public by EDP Brasil's 

Head of Corporate Finance (Henrique Freire) in April 26, 

2021.  

(12)

Project's estimated EV (Book Value) 3,000 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and industry 

practice for greenfield projects.
(14)

Net Debt 2,100 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 900 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 5,676 In R$ millions. (18) = (11) * (17)

Net Debt 2,100 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 3,576 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 0.93x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 2011) 

up to end of Apr/21.

(21)

EV (from P/B, this Company) 2,937 In R$ millions. (22) = (23) + (24)

Net Debt 2,100 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 837 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 3,576 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(viii) Eletrobras (B3 ticker: ELET6): 

 

Table 31 - Growth Option Valuation 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.046

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  21.38% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 17.08 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 35.74 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average 

between 8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 2.64 (5)

d2 2.16 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 0.98 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 24.43 R$ / share (9)

Number of shares 1,568,930,910
Total shares: common and preferred ("Nível 1 ").  

Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan
19,849

In weighted average MW.  Source: Company's 

investor presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 4.50
In million Reais/MW.  Assumption based on average 

sector information.  
(12)

Project's estimated EV (Book Value) 89,322 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 62,525 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 26,797 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x

Median inflation-adjusted EV/MW, in R$ million.  

From Jan/14 to Apr/21 (see specific appendix for 

details).

(17)

EV (from Transaction Comparables) 118,596 In R$ millions. (18) = (11) * (17)

Net Debt 62,525 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 56,071 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 0.39x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 72,985 In R$ millions. (22) = (23) + (24)

Net Debt 62,525 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 10,459 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 56,071 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(ix) Energisa (B3 ticker: ENGI11): 

 

Table 32 - Growth Option Valuation 

 

Note: Since Bloomberg returns P/B figures that result from the market capitalization divided by the 
number of UNIT's, we adjusted the calculation to account for the number of Energisa’s common and 
preferred shares and arrive at the correct P/B figures. Since each Energisa UNIT accounts for five shares 
(four preferred and one common), we divided Bloomberg’s returned figures by 5. 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.026

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  16.08% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 0.81 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 1.49 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average 

between 8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 3.02 (5)

d2 2.66 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 0.95 R$ / share (9)

Number of shares 1,814,561,910

Total shares: common and preferred ("Nível 2 ").  

Source: B3 stock exchange  ENGI11 (UNITs) has 

higher liquidtiy than common and preferred shares.

(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan
1,025

In weighted average MW.  Sources: Company's 

investor presentations and audio in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 4.77

In million Reais/MW.  Based on Capex (R$ 205mm) 

informed by the Company to raise 43MW (peak) in 

2021 of distributed solar power.  

(12)

Project's estimated EV (Book Value) 4,887 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 3,421 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 1,466 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x

Median inflation-adjusted EV/MW, in R$ million.  

From Jan/14 to Apr/21 (see specific appendix for 

details).

(17)

EV (from Transaction Comparables) 6,124 In R$ millions. (18) = (11) * (17)

Net Debt 3,421 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 2,704 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 1.42x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 5,508 In R$ millions. (22) = (23) + (24)

Net Debt 3,421 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 2,088 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 2,704 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(x) Eneva (B3 ticker: ENEV3): 

 

Table 33 - Growth Option Valuation 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years As informed by the Company

Variance (σ
2
)  0.069

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  26.18% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 0.25 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 0.36 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 1.57 (5)

d2 0.98 (6)

N(d1) 0.94 - (7) = NORM.S.DIST applied to (5)

N(d2) 0.84 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 0.19 R$ / share (9)

Number of shares 1,266,038,219
Total shares equal common and preferred ("Novo 

Mercado ").  Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan 618
In weighted average MW.  Source: Company's investor 

presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 9.33

In million Reais / MW.  Estimated based on the informed 

weighted average Capex to raise Parnaíba V (R$ 1.5bn / 

385MW) and Parnaíba VI (R$ 500mm / 92MW).

(12)

Project's estimated EV (Book Value) 5,766 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 94%
Based on ENEVA's publicy available information 

(Corporate Presentation as of Mar/21).
(14)

Net Debt 5,444 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 322 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 3,692 In R$ millions. (18) = (11) * (17)

Net Debt 5,444 In R$ millions. (19) = (15)

Resulting equity value (Market Value) (1,752) In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 1.40x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 2011) 

up to end of Apr/21.

(21)

EV (from P/B, this Company) 5,895 In R$ millions. (22) = (23) + (24)

Net Debt 5,444 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 451 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 451 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(xi) Engie (B3 ticker: EGIE3): 

 

Table 34 - Growth Option Valuation 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years. As informed by the Company

Variance (σ
2
)  0.012

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  11.12% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 3.44 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 10.58 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 6.29 (5)

d2 6.04 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 8.30 R$ / share (9)

Number of shares 815,927,740
Total shares equal common and preferred ("Novo 

Mercado ").  Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan 1,843
In weighted average MW.  Source: Company's investor 

presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 5.07

In million Reais / MW.  Estimated based on the 

informed Capex to raise the ''Santo Agostinho (Phase 

I)" wind cluster in Rio Grande do Norte State (R$ 2.2bn 

for 434 MW).

(12)

Project's estimated EV (Book Value) 9,342 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 6,540 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 2,803 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 11,012 In R$ millions. (18) = (11) * (17)

Net Debt 6,540 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 4,472 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 3.08x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 15,170 In R$ millions. (22) = (23) + (24)

Net Debt 6,540 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 8,630 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 8,630 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(xii) Equatorial (B3 ticker: EQTL3): 

 

Table 35 - Growth Option Valuation 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years. As informed by the Company

Variance (σ
2
)  0.017

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  12.92% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 0.00 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 0.00 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 4.12 (5)

d2 3.83 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 0.00 R$ / share (9)

Number of shares 1,010,511,085
Total shares equal common and preferred ("Novo 

Mercado ").  Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan 0
In weighted average MW.  Source: Company's investor 

presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 4.50
In million Reais/MW.  Assumption based on average 

sector information.  
(12)

Project's estimated EV (Book Value) 0 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 0 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 0 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 0 In R$ millions. (18) = (11) * (17)

Net Debt 0 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 0 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 2.03x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 0 In R$ millions. (22) = (23) + (24)

Net Debt 0 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 0 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 0 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(xiii) Light (B3 ticker: LIGT3): 

 

Table 36 - Growth Option Valuation 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years. As informed by the Company

Variance (σ
2
)  0.038

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  19.50% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 0.00 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 0.00 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 2.85 (5)

d2 2.42 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 0.99 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 0.00 R$ / share (9)

Number of shares 372,555,324
Total shares equal common and preferred ("Novo 

Mercado ").  Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan
0

In weighted average MW.  Source: Company's investor 

presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 4.50
In million Reais/MW.  Assumption based on average 

sector information.  
(12)

Project's estimated EV (Book Value) 0 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and 

industry practice for greenfield projects.
(14)

Net Debt 0 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 0 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 0 In R$ millions. (18) = (11) * (17)

Net Debt 0 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 0 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 0.95x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 0 In R$ millions. (22) = (23) + (24)

Net Debt 0 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 0 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 0 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(xiv) Neoenergia (B3 ticker: NEOE3): 

 

Table 37 - Growth Option Valuation 

 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years. As informed by the Company

Variance (σ
2
)  0.029

Annualized.  From the shortest date between IPO 

and beginning of time series (April 4 2011) up to end 

of Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  17.14% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 0.86 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 2.17 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average 

between 8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 3.69 (5)

d2 3.31 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 1.60 R$ / share (9)

Number of shares 1,213,797,248
Total shares equal common and preferred ("Novo 

Mercado ").  Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan
1,138

In weighted average MW.  Source: Company's 

investor presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 4.57
In million Reais/MW.  As informed for "Luzia II" and 

"Luzia III" solar clusters.
(12)

Project's estimated EV (Book Value) 5,199 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 80%
According to informed financing for "Luzia II" and 

"Luzia III" solar clusters.
(14)

Net Debt 4,159 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 1,040 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x

Median inflation-adjusted EV/MW, in R$ million.  

From Jan/14 to Apr/21 (see specific appendix for 

details).

(17)

EV (from Transaction Comparables) 6,798 In R$ millions. (18) = (11) * (17)

Net Debt 4,159 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 2,638 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 1.16x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 

2011) up to end of Apr/21.

(21)

EV (from P/B, this Company) 5,367 In R$ millions. (22) = (23) + (24)

Net Debt 4,159 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 1,207 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 2,638 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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(xv) Omega (B3 ticker: OMGE3): 

 

Table 38 - Growth Option Valuation 

 

 

 

 

  

Option Parameters Measure Comment Reference

Option tenor (T) 5 Years. As informed by the Company

Variance (σ
2
)  0.022

Annualized.  From the shortest date between IPO and 

beginning of time series (April 4 2011) up to end of 

Apr/21.

Weekly variance * 52

Standard Deviation  (σ)  14.96% Annualized measure of volatility. Weekly St. Dev. * SQRT (52)

Exercise price (K) 13.17 R$ / share (1) = (16) * 1,000,000 / (10)

Underlying asset value (S) 30.72 R$ / share (2) = (25) * 1,000,000 / (10)

Risk Free rate (r) 8.20%
April 2026 fixed rate estimated as the average between 

8.14% (Jan/26) and 8.25% (Jul/26).
(3)

Dividend yield (D) 0 n.a. (4)

d1 3.92 (5)

d2 3.59 (6)

N(d1) 1.00 - (7) = NORM.S.DIST applied to (5)

N(d2) 1.00 - (8) = NORM.S.DIST applied to (6)

Growth Option Value (C) 21.98 R$ / share (9)

Number of shares 196,227,235
Total shares equal common and preferred ("Novo 

Mercado ").   Source: B3 stock exchange.
(10)

Option Valuation Support Information Measure Comment Reference

Company's growth plan
1,036

In weighted average MW.  Source: Company's investor 

presentations in IR website.
(11)

Capex Valuation (Book Value)

Marginal Cost of Expansion 8.32

In million Reais/MW.  Considers: R$ 680.3mm 

disbursement to acquire 50% of 183MW ("Ventos da 

Bahia 1" and "Ventos da Bahia 2"); R$ 472.44mm to 

acquire 78% of 402MW ("Santa Vitória do Palmar"); and 

R$ 145.71mm to acquire 99.99% of 180.8 MW 

("Hermenegildo I", "Hermenegildo II", "Hermenegildo III" 

and "Chuí IX).

(12)

Project's estimated EV (Book Value) 8,615 In R$ millions. (13) = (11) * (12)

Net Debt / (Net Debt + Equity) 70%
Estimated based on past project information and industry 

practice for greenfield projects.
(14)

Net Debt 6,031 In R$ millions. (15) = (13) * (14)

Resulting equity value (Book Value) 2,585 In R$ millions.  Basis for "K" (1). (16) = (13) - (15)

Fundamental Valuation (Market Value) 

Valuation # 1: Transaction Comparables 5.97x
Median inflation-adjusted EV/MW, in R$ million.  From 

Jan/14 to Apr/21 (see specific appendix for details).
(17)

EV (from Transaction Comparables) 6,189 In R$ millions. (18) = (11) * (17)

Net Debt 6,031 In R$ millions. (19) = (15)

Resulting equity value (Market Value) 158 In R$ millions. (20) = (18) - (19)

Valuation # 2: P/B, this Company 2.33x

Average P/B (price-to-book) from the shortest date 

between IPO and beginning of time series (April 4 2011) 

up to end of Apr/21.

(21)

EV (from P/B, this Company) 12,059 In R$ millions. (22) = (23) + (24)

Net Debt 6,031 In R$ millions. (23) = (15)

Resulting equity value (Market Value) 6,028 In R$ millions.  (24) = (16) * (21)

Equity value to be considered (Market Value) 6,028 In R$ millions. Basis for "S" (2) (25) = Maximum between (20) and (24)
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APPENDIX D - FUNDAMENTAL PREMIUM-TO-MARKET AND PREMIUM RATIO PER 

COMPANY55  

 
(i) AES Brasil (B3 ticker: AESB3): 

 

Table 39 - Fundamental Premium to Market and Premium Ratio per Company 

 
 

(ii) Alupar (B3 ticker: ALUP11): 

 

Table 40 - Fundamental Premium to Market and Premium Ratio per Company 

 

 
55 All original values were sourced from Bloomberg. The tables and calculations were elaborated by the 

author. 

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 14.08 (1)

Average market price per share last 2y (from section 4.1) 15.42 (2)

Average market price per share last 1y (from section 4.1) 16.03 (3)

Average market price per share last 4m (from section 4.1) 16.39 (4)

Average "premium per share" last 5y (from section 4.1) 0.45% (5)

Average "premium per share" last 2y (from section 4.1) (7.38%) (6)

Average "premium per share" last 1y (from section 4.1) (5.37%) (7)

Average "premium per share" last 4m (from section 4.1) (2.06%) (8)

Growth option value per share (from section 4.2) 12.03 (9)

Average “fundamental premium to market” (last 5 years) 85.44% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 78.00% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 75.05% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 73.39% (13) = (9) / (4)

Premium ratio last 5y 190.21x (14) = (10) / (5)

Premium ratio last 2y n.a. (15) = (11) / (6)

Premium ratio last 1y n.a. (16) = (12) / (7)

Premium ratio last 4m n.a. (17) = (13) / (8)

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 20.61 (1)

Average market price per share last 2y (from section 4.1) 25.09 (2)

Average market price per share last 1y (from section 4.1) 24.61 (3)

Average market price per share last 4m (from section 4.1) 25.42 (4)

Average "premium per share" last 5y (from section 4.1) 19.13% (5)

Average "premium per share" last 2y (from section 4.1) 13.23% (6)

Average "premium per share" last 1y (from section 4.1) 18.95% (7)

Average "premium per share" last 4m (from section 4.1) 17.64% (8)

Growth option value per share (from section 4.2) 0.47 (9)

Average “fundamental premium to market” (last 5 years) 2.28% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 1.87% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 1.91% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 1.85% (13) = (9) / (4)

Premium ratio last 5y 0.12x (14) = (10) / (5)

Premium ratio last 2y 0.14x (15) = (11) / (6)

Premium ratio last 1y 0.10x (16) = (12) / (7)

Premium ratio last 4m 0.10x (17) = (13) / (8)
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(iii) CEMIG (B3 ticker: CMIG4): 

 

Table 41 - Fundamental Premium to Market and Premium Ratio per Company 

 

 

(iv) CESP (B3 ticker: CESP6):  

 

Table 42 - Fundamental Premium to Market and Premium Ratio per Company 

 

 

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 9.02 (1)

Average market price per share last 2y (from section 4.1) 11.05 (2)

Average market price per share last 1y (from section 4.1) 10.51 (3)

Average market price per share last 4m (from section 4.1) 11.73 (4)

Average "premium per share" last 5y (from section 4.1) 14.27% (5)

Average "premium per share" last 2y (from section 4.1) 16.52% (6)

Average "premium per share" last 1y (from section 4.1) 17.46% (7)

Average "premium per share" last 4m (from section 4.1) 11.81% (8)

Growth option value per share (from section 4.2) 1.97 (9)

Average “fundamental premium to market” (last 5 years) 21.86% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 17.87% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 18.77% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 16.83% (13) = (9) / (4)

Premium ratio last 5y 1.53x (14) = (10) / (5)

Premium ratio last 2y 1.08x (15) = (11) / (6)

Premium ratio last 1y 1.07x (16) = (12) / (7)

Premium ratio last 4m 1.43x (17) = (13) / (8)

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 21.33 (1)

Average market price per share last 2y (from section 4.1) 28.68 (2)

Average market price per share last 1y (from section 4.1) 28.55 (3)

Average market price per share last 4m (from section 4.1) 27.93 (4)

Average "premium per share" last 5y (from section 4.1) 15.68% (5)

Average "premium per share" last 2y (from section 4.1) 12.06% (6)

Average "premium per share" last 1y (from section 4.1) 19.41% (7)

Average "premium per share" last 4m (from section 4.1) 25.07% (8)

Growth option value per share (from section 4.2) 0.00 (9)

Average “fundamental premium to market” (last 5 years) 0.00% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 0.00% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 0.00% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 0.00% (13) = (9) / (4)

Premium ratio last 5y 0.00x (14) = (10) / (5)

Premium ratio last 2y 0.00x (15) = (11) / (6)

Premium ratio last 1y 0.00x (16) = (12) / (7)

Premium ratio last 4m 0.00x (17) = (13) / (8)
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(v) Copel (B3 ticker: CPLE6): 

 

Table 43 - Fundamental Premium to Market and Premium Ratio per Company 

 

 

(vi) CPFL (B3 ticker: CPFE3): 

 

Table 44 - Fundamental Premium to Market and Premium Ratio per Company 

  

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 4.12 (1)

Average market price per share last 2y (from section 4.1) 6.06 (2)

Average market price per share last 1y (from section 4.1) 6.48 (3)

Average market price per share last 4m (from section 4.1) 6.53 (4)

Average "premium per share" last 5y (from section 4.1) 13.63% (5)

Average "premium per share" last 2y (from section 4.1) 1.82% (6)

Average "premium per share" last 1y (from section 4.1) 5.51% (7)

Average "premium per share" last 4m (from section 4.1) 8.07% (8)

Growth option value per share (from section 4.2) 1.27 (9)

Average “fundamental premium to market” (last 5 years) 30.70% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 20.90% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 19.53% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 19.38% (13) = (9) / (4)

Premium ratio (last 5 years) 2.25x (14) = (10) / (5)

Premium ratio (last 2 years) 11.46x (15) = (11) / (6)

Premium ratio (last 1 year) 3.55x (16) = (12) / (7)

Premium ratio (last 4 months) 2.40x (17) = (13) / (8)

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 27.39 (1)

Average market price per share last 2y (from section 4.1) 31.33 (2)

Average market price per share last 1y (from section 4.1) 30.45 (3)

Average market price per share last 4m (from section 4.1) 30.67 (4)

Average "premium per share" last 5y (from section 4.1) 11.62% (5)

Average "premium per share" last 2y (from section 4.1) 15.96% (6)

Average "premium per share" last 1y (from section 4.1) 17.46% (7)

Average "premium per share" last 4m (from section 4.1) 22.18% (8)

Growth option value per share (from section 4.2) 6.64 (9)

Average “fundamental premium to market” (last 5 years) 24.24% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 21.19% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 21.79% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 21.64% (13) = (9) / (4)

Premium ratio last 5y 2.09x (14) = (10) / (5)

Premium ratio last 2y 1.33x (15) = (11) / (6)

Premium ratio last 1y 1.25x (16) = (12) / (7)

Premium ratio last 4m 0.98x (17) = (13) / (8)
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(vii) EDP Brasil (B3 ticker: ENBR3): 

 

Table 45 - Fundamental Premium to Market and Premium Ratio per Company 

 

 

(viii) Eletrobras (B3 ticker: ELET6): 

 

Table 46 - Fundamental Premium to Market and Premium Ratio per Company 

 

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 16.08 (1)

Average market price per share last 2y (from section 4.1) 18.86 (2)

Average market price per share last 1y (from section 4.1) 18.39 (3)

Average market price per share last 4m (from section 4.1) 19.04 (4)

Average "premium per share" last 5y (from section 4.1) 15.61% (5)

Average "premium per share" last 2y (from section 4.1) 10.44% (6)

Average "premium per share" last 1y (from section 4.1) 15.77% (7)

Average "premium per share" last 4m (from section 4.1) 15.68% (8)

Growth option value per share (from section 4.2) 4.91 (9)

Average “fundamental premium to market” (last 5 years) 30.53% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 26.02% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 26.69% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 25.77% (13) = (9) / (4)

Premium ratio last 5y 1.96x (14) = (10) / (5)

Premium ratio last 2y 2.49x (15) = (11) / (6)

Premium ratio last 1y 1.69x (16) = (12) / (7)

Premium ratio last 4m 1.64x (17) = (13) / (8)

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 28.22 (1)

Average market price per share last 2y (from section 4.1) 35.12 (2)

Average market price per share last 1y (from section 4.1) 33.46 (3)

Average market price per share last 4m (from section 4.1) 33.17 (4)

Average "premium per share" last 5y (from section 4.1) 28.48% (5)

Average "premium per share" last 2y (from section 4.1) 25.86% (6)

Average "premium per share" last 1y (from section 4.1) 45.16% (7)

Average "premium per share" last 4m (from section 4.1) 27.43% (8)

Growth option value per share (from section 4.2) 24.43 (9)

Average “fundamental premium to market” (last 5 years) 86.55% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 69.56% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 73.01% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 73.65% (13) = (9) / (4)

Premium ratio last 5y 3.04x (14) = (10) / (5)

Premium ratio last 2y 2.69x (15) = (11) / (6)

Premium ratio last 1y 1.62x (16) = (12) / (7)

Premium ratio last 4m 2.68x (17) = (13) / (8)
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(ix) Energisa (B3 ticker: ENGI11): 

 

Table 47 - Fundamental Premium to Market and Premium Ratio per Company 

 
 

(x) Eneva (B3 ticker: ENEV3): 

 

Table 48 - Fundamental Premium to Market and Premium Ratio per Company 

 

  

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 32.66 (1)

Average market price per share last 2y (from section 4.1) 45.50 (2)

Average market price per share last 1y (from section 4.1) 47.33 (3)

Average market price per share last 4m (from section 4.1) 45.93 (4)

Average "premium per share" last 5y (from section 4.1) 28.22% (5)

Average "premium per share" last 2y (from section 4.1) 19.73% (6)

Average "premium per share" last 1y (from section 4.1) 19.30% (7)

Average "premium per share" last 4m (from section 4.1) 22.79% (8)

Growth option value per share (from section 4.2) 0.95 (9)

Average “fundamental premium to market” (last 5 years) 2.92% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 2.10% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 2.02% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 2.08% (13) = (9) / (4)

Premium ratio last 5y 0.10x (14) = (10) / (5)

Premium ratio last 2y 0.11x (15) = (11) / (6)

Premium ratio last 1y 0.10x (16) = (12) / (7)

Premium ratio last 4m 0.09x (17) = (13) / (8)

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 6.44 (1)

Average market price per share last 2y (from section 4.1) 10.90 (2)

Average market price per share last 1y (from section 4.1) 13.66 (3)

Average market price per share last 4m (from section 4.1) 16.72 (4)

Average "premium per share" last 5y (from section 4.1) 17.20% (5)

Average "premium per share" last 2y (from section 4.1) (14.57%) (6)

Average "premium per share" last 1y (from section 4.1) (16.50%) (7)

Average "premium per share" last 4m (from section 4.1) (14.03%) (8)

Growth option value per share (from section 4.2) 0.19 (9)

Average “fundamental premium to market” (last 5 years) 3.01% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 1.78% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 1.42% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 1.16% (13) = (9) / (4)

Premium ratio last 5y 0.18x (14) = (10) / (5)

Premium ratio last 2y n.a. (15) = (11) / (6)

Premium ratio last 1y n.a. (16) = (12) / (7)

Premium ratio last 4m n.a. (17) = (13) / (8)
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(xi) Engie (B3 ticker: EGIE3): 

 

Table 49 - Fundamental Premium to Market and Premium Ratio per Company 

 

 

(xii) Equatorial (B3 ticker: EQTL3): 

 

Table 50 - Fundamental Premium to Market and Premium Ratio per Company 

 

  

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 36.17 (1)

Average market price per share last 2y (from section 4.1) 44.05 (2)

Average market price per share last 1y (from section 4.1) 42.57 (3)

Average market price per share last 4m (from section 4.1) 42.25 (4)

Average "premium per share" last 5y (from section 4.1) 5.02% (5)

Average "premium per share" last 2y (from section 4.1) 3.44% (6)

Average "premium per share" last 1y (from section 4.1) 13.39% (7)

Average "premium per share" last 4m (from section 4.1) 15.73% (8)

Growth option value per share (from section 4.2) 8.30 (9)

Average “fundamental premium to market” (last 5 years) 22.94% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 18.84% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 19.49% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 19.64% (13) = (9) / (4)

Premium ratio last 5y 4.57x (14) = (10) / (5)

Premium ratio last 2y 5.48x (15) = (11) / (6)

Premium ratio last 1y 1.46x (16) = (12) / (7)

Premium ratio last 4m 1.25x (17) = (13) / (8)

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 15.86 (1)

Average market price per share last 2y (from section 4.1) 21.21 (2)

Average market price per share last 1y (from section 4.1) 22.26 (3)

Average market price per share last 4m (from section 4.1) 22.68 (4)

Average "premium per share" last 5y (from section 4.1) 1.17% (5)

Average "premium per share" last 2y (from section 4.1) 1.80% (6)

Average "premium per share" last 1y (from section 4.1) 3.28% (7)

Average "premium per share" last 4m (from section 4.1) 8.19% (8)

Growth option value per share (from section 4.2) 0.00 (9)

Average “fundamental premium to market” (last 5 years) 0.00% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 0.00% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 0.00% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 0.00% (13) = (9) / (4)

Premium ratio last 5y 0.00x (14) = (10) / (5)

Premium ratio last 2y 0.00x (15) = (11) / (6)

Premium ratio last 1y 0.00x (16) = (12) / (7)

Premium ratio last 4m 0.00x (17) = (13) / (8)
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(xiii) Light (B3 ticker: LIGT3): 

 

Table 51 - Fundamental Premium to Market and Premium Ratio per Company 

 

 

(xiv) Neoenergia (B3 ticker: NEOE3): 

 

Table 52 - Fundamental Premium to Market and Premium Ratio per Company 

 

  

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 17.64 (1)

Average market price per share last 2y (from section 4.1) 18.79 (2)

Average market price per share last 1y (from section 4.1) 18.51 (3)

Average market price per share last 4m (from section 4.1) 20.10 (4)

Average "premium per share" last 5y (from section 4.1) 7.78% (5)

Average "premium per share" last 2y (from section 4.1) 3.62% (6)

Average "premium per share" last 1y (from section 4.1) 1.53% (7)

Average "premium per share" last 4m (from section 4.1) 3.00% (8)

Growth option value per share (from section 4.2) 0.00 (9)

Average “fundamental premium to market” (last 5 years) 0.00% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 0.00% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 0.00% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 0.00% (13) = (9) / (4)

Premium ratio last 5y 0.00x (14) = (10) / (5)

Premium ratio last 2y 0.00x (15) = (11) / (6)

Premium ratio last 1y 0.00x (16) = (12) / (7)

Premium ratio last 4m 0.00x (17) = (13) / (8)

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 19.47 (1)

Average market price per share last 2y (from section 4.1) 19.47 (2)

Average market price per share last 1y (from section 4.1) 18.08 (3)

Average market price per share last 4m (from section 4.1) 17.14 (4)

Average "premium per share" last 5y (from section 4.1) 23.31% (5)

Average "premium per share" last 2y (from section 4.1) 23.31% (6)

Average "premium per share" last 1y (from section 4.1) 34.82% (7)

Average "premium per share" last 4m (from section 4.1) 46.53% (8)

Growth option value per share (from section 4.2) 1.60 (9)

Average “fundamental premium to market” (last 5 years) 8.24% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 8.24% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 8.88% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 9.36% (13) = (9) / (4)

Premium ratio last 5y 0.35x (14) = (10) / (5)

Premium ratio last 2y 0.35x (15) = (11) / (6)

Premium ratio last 1y 0.25x (16) = (12) / (7)

Premium ratio last 4m 0.20x (17) = (13) / (8)
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(xv) Omega (B3 ticker: OMGE3): 

 

Table 53 - Fundamental Premium to Market and Premium Ratio per Company 

 

 

(xvi) Premium Ratio Ranking Per Period: Sample Group Companies  

 

Table 54 – Premium Ratio Ranking: Last 4 Months 

 
 
 
Notes: (i) the Premium Ratios for AES Brasil and Eneva were plotted with “n.a.” in “last 4 months”, “last 
1 year” and “last 2 years”, since the average premium per share for each of them in those 3 periods was 
negative. However, in all those periods, the fundamental premium to market was positive: (a) AES Brasil: 
it varied between 73.39% (“last 4 months”) and 78.00% (“last 2 years”); (b) Eneva: it varied between 
1.16% (“last 4 months”) and 1.78% (“last 2 years”); (b) table and graphs elaborated by the author.    
 

 

Company Statistics R$, % or x Reference

Average market price per share last 5y (from section 4.1) 26.37 (1)

Average market price per share last 2y (from section 4.1) 34.31 (2)

Average market price per share last 1y (from section 4.1) 37.09 (3)

Average market price per share last 4m (from section 4.1) 39.88 (4)

Average "premium per share" last 5y (from section 4.1) 14.87% (5)

Average "premium per share" last 2y (from section 4.1) 5.61% (6)

Average "premium per share" last 1y (from section 4.1) 13.16% (7)

Average "premium per share" last 4m (from section 4.1) 11.50% (8)

Growth option value per share (from section 4.2) 21.98 (9)

Average “fundamental premium to market” (last 5 years) 83.34% (10) = (9) / (1)

Average “fundamental premium to market” (last 2 years) 64.06% (11) = (9) / (2)

Average “fundamental premium to market” (last 1 year) 59.27% (12) = (9) / (3)

Average “fundamental premium to market” (last 4 months) 55.12% (13) = (9) / (4)

Premium ratio last 5y 5.61x (14) = (10) / (5)

Premium ratio last 2y 11.42x (15) = (11) / (6)

Premium ratio last 1y 4.50x (16) = (12) / (7)

Premium ratio last 4m 4.79x (17) = (13) / (8)

Sample Group Company Last 4 months

Omega 4.79x

Eletrobras 2.68x

Copel 2.40x

EDP Brasil 1.64x

CEMIG 1.43x

Engie 1.25x

CPFL 0.98x

Neoenergia 0.20x

Alupar 0.10x

Energisa 0.09x

Equatorial 0.00x

CESP 0.00x

Light 0.00x

Eneva n.a.

AES Brasil n.a.

0.00x

0.50x

1.00x

1.50x

2.00x

2.50x

3.00x

3.50x

4.00x

4.50x

5.00x

Ranking - "Last 4 months" 
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Table 55 - Premium Ratio Ranking: Last 1 Year  

 

Notes: (i) the Premium Ratios for AES Brasil and Eneva were plotted with “n.a.” in “last 4 months”, “last 
1 year” and “last 2 years”, since the average premium per share for each of them in those 3 periods was 
negative. However, in all those periods, the fundamental premium to market was positive: (a) AES Brasil: 
it varied between 73.39% (“last 4 months”) and 78.00% (“last 2 years”); (b) Eneva: it varied between 
1.16% (“last 4 months”) and 1.78% (“last 2 years”); (b) table and graphs elaborated by the author.      
 

Table 56 - Premium Ratio Ranking: Last 2 Years   

 

Notes: (i) the Premium Ratios for AES Brasil and Eneva were plotted with “n.a.” in “last 4 months”, “last 
1 year” and “last 2 years”, since the average premium per share for each of them in those 3 periods was 
negative. However, in all those periods, the fundamental premium to market was positive: (a) AES Brasil: 
it varied between 73.39% (“last 4 months”) and 78.00% (“last 2 years”); (b) Eneva: it varied between 
1.16% (“last 4 months”) and 1.78% (“last 2 years”); (b) table and graphs elaborated by the author.     
 

Table 57 - Premium Ratio Ranking: Last 5 Years   

 

Sample Group Company Last 1 year

Omega 4.50x

Copel 3.55x

EDP Brasil 1.69x

Eletrobras 1.62x

Engie 1.46x

CPFL 1.25x

CEMIG 1.07x

Neoenergia 0.25x

Alupar 0.10x

Energisa 0.10x

Equatorial 0.00x

CESP 0.00x

Light 0.00x

Eneva n.a.

AES Brasil n.a.

0.00x

0.50x

1.00x

1.50x

2.00x

2.50x

3.00x

3.50x

4.00x

4.50x

5.00x

Ranking - "Last 1 year" 

Sample Group Company Last 2 years

Copel 11.46x

Omega 11.42x

Engie 5.48x

Eletrobras 2.69x

EDP Brasil 2.49x

CPFL 1.33x

CEMIG 1.08x

Neoenergia 0.35x

Alupar 0.14x

Energisa 0.11x

Equatorial 0.00x

CESP 0.00x

Light 0.00x

Eneva n.a.

AES Brasil n.a.

0.00x

2.00x

4.00x

6.00x

8.00x

10.00x

12.00x

Ranking - "Last 2 years" 

Sample Group Company Last 5 years

AES Brasil 190.21x

Omega 5.61x

Engie 4.57x

Eletrobras 3.04x

Copel 2.25x

CPFL 2.09x

EDP Brasil 1.96x

CEMIG 1.53x

Neoenergia 0.35x

Eneva 0.18x

Alupar 0.12x

Energisa 0.10x

Equatorial 0.00x

CESP 0.00x

Light 0.00x

0.00x

5.00x

10.00x

15.00x

20.00x

25.00x

Ranking - "Last 5 years" 

190.00x 
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APPENDIX E - TRANSACTION COMPARABLES IN POWER GENERATION 
 

Table 58 – Transaction Comparable Matrix 

 
 

Sources: Capital IQ (August 2021), EMIS, Street Research, and Central Bank of Brazil (Bacen) website: 
https://www3.bcb.gov.br/CALCIDADAO/publico/exibirFormCorrecaoValores.do?method=exibirFormCorr
ecaoValores&aba=1. 

 

Notes: (i) period: January 2014 to April 2021; (ii) Inflation Adjusted EV/MW: adjusted by accumulated 
IPCA index between transaction month announcement up to April 2021.   

 

 

 
  

Fev-21 EDP AES Inova Soluções 100% Solar 177 34 5,315 n/a n/a

Jan-21 V2I Transmissão de Energia Eólicas Mangue Seco 3 and 4 100% Wind 101 52 1,988 n/a n/a

Nov-20 CEMIG 7 distributed-generation solar plants 49% Solar 112 29 3,984 n/a n/a

Aug-20 Omega Geração EDF Wind Power Complex 50% Wind 680 183 3,968 n/a n/a

Jul-20 Omega Geração Assuruá III Assets 100% Wind 396 50 8,459 n/a n/a

Jul-20 Omega Geração
Chuí Complex (Santa Vitória do Palmar and 

Hermenegildo assets)
100% Wind 1,411 583 2,588 n/a n/a

Jan-20 Omega Geração Delta Energia (Delta 7 e Delta 8) 100% Wind 556 97 6,118 n/a n/a

Jul-19 Actis Babilônia Comlpex (EDP Renováveis) 100% Wind 1,200 137 9,562 120 10.0x

Jan-19 CGN ENEL Solar Assets 100% Solar 2,900 540 5,993 n/a n/a

Nov-18 CGN Atlantic 100% Wind 3,750 642 6,515 268 14.0x

Oct-18
Consórcio São Paulo Energia 

(Votorantim Energia & CPPIB)
CESP - Companhia Energética de São Paulo 36% Hydro 4,617 1,654 0 456 10.1x

Oct-18 Statkraft EDP's Smalll Hydro Plats 100% Hydro 704 132 5,975 72 9.8x

Aug-18 Omega Pirapora 50% Solar 2,200 321 7,709 n/a n/a

Sep-17 SPIC São Simão Hidrelétrica 100% Hydro 11,509 1,710 7,894 456 25.2x

Sep-17 Engie Jaguara e Miranda 100% Hydro 3,500 832 4,934 233 15.0x

Apr-17 AES Alto Sertão II 100% Wind 1,750 386 5,353 160 10.9x

Nov-16 Contour Global Neoenergia Assests 100%
Hydro / 

Thermo
711 209 4,077 63 11.3x

Oct-16 NC Invest ODB Assets 100% Wind 460 107 5,162 50 9.2x

Oct-16 CTG Duke 100% Hydro 3,980 2,242 2,131 828 4.8x

Nov-15 CTG Rio Verde Energia, Rio Canoas and TPI Energia 100% Hydro 1,889 308 7,924 -1,103 n.m.

Nov-15 CTG UHE Jupiá and Ilha Solteira 100% Hydro 13,800 4,995 3,570 2,352 5.9x

Jul-15 Terraform Renova Assests 100%
Hydro / 

Wind
2,322 336 9,121 215 10.8x

Jul-15 Brookfield EDP SHPs 100% Hydro 390 51 10,099 44 8.9x

Feb-15 Statkraft Desenvix 84%
Hydro / 

Wind
1,980 314 8,733 175 11.3x

Mar-14
Melbourne FIP (CEMIG-GT & 

SAAG)
Santo Antonio Energia SA 10% Hydro 20,531 3,568 8,479 703 29.2x

Average 5,826 12.4x

Median 5,975 10.8x

EV/EBITDA 

LTM (x)

Inflation 

Adjusted EV/MW 

(R$ '000 / MW)

Source

Installed 

Capacity 

(MW)

Est EBITDA 

LTM (R$ mm)

Implied 

EV (R$ 

mm)

Date Buyer Target Stake

https://www3.bcb.gov.br/CALCIDADAO/publico/exibirFormCorrecaoValores.do?method=exibirFormCorrecaoValores&aba=1
https://www3.bcb.gov.br/CALCIDADAO/publico/exibirFormCorrecaoValores.do?method=exibirFormCorrecaoValores&aba=1
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APPENDIX F - SAMPLE GROUP RELEVANCE IN THE IBOVESPA INDEX  

 

Table 59 – Sample Group versus IBOVESPA Index (on April 30, 2021) 

 
 
Source: Bloomberg. The calculations were elaborated by the author. 

B3 Ticker Company Share Class

ABEV3 AMBEV S/A ON

AMER3 AMERICANAS ON NM

ASAI3 ASSAI ON NM

AZUL4 AZUL PN N2

B3SA3 B3 ON NM

BIDI11 BANCO INTER UNT N2

BBSE3 BBSEGURIDADE ON NM

BRML3 BR MALLS PAR ON NM

BBDC3 BRADESCO ON N1

BBDC4 BRADESCO PN N1

BRAP4 BRADESPAR PN N1

BBAS3 BRASIL ON ERJ NM

BRKM5 BRASKEM PNA N1

BRFS3 BRF SA ON NM

BPAC11 BTGP BANCO UNT N2

CRFB3 CARREFOUR BR ON NM

CCRO3 CCR SA ON NM

CMIG4 CEMIG PN N1

HGTX3 CIA HERING ON NM

CIEL3 CIELO ON NM

COGN3 COGNA ON ON NM

CPLE6 COPEL PNB N1

CSAN3 COSAN ON NM

CPFE3 CPFL ENERGIA ON NM

CVCB3 CVC BRASIL ON NM

CYRE3 CYRELA REALT ON NM

ECOR3 ECORODOVIAS ON NM

ELET3 ELETROBRAS ON N1

ELET6 ELETROBRAS PNB N1

EMBR3 EMBRAER ON NM

ENBR3 ENERGIAS BR ON NM

ENGI11 ENERGISA UNT ED N2

ENEV3 ENEVA ON NM

EGIE3 ENGIE BRASIL ON ED NM

EQTL3 EQUATORIAL ON NM

EZTC3 EZTEC ON NM

FLRY3 FLEURY ON NM

GGBR4 GERDAU PN ED N1

GOAU4 GERDAU MET PN ED N1

GOLL4 GOL PN N2

NTCO3 GRUPO NATURA ON NM

HAPV3 HAPVIDA ON NM

HYPE3 HYPERA ON NM

IGTA3 IGUATEMI ON NM

GNDI3 INTERMEDICA ON NM

IRBR3 IRBBRASIL RE ON NM

ITSA4 ITAUSA PN EJ N1

ITUB4 ITAUUNIBANCO PN EJ N1

JBSS3 JBS ON ED NM

JHSF3 JHSF PART ON NM

KLBN11 KLABIN S/A UNT N2

RENT3 LOCALIZA ON NM

LCAM3 LOCAMERICA ON NM

LWSA3 LOCAWEB ON NM

LAME4 LOJAS AMERIC PN N1

LREN3 LOJAS RENNER ON NM

MGLU3 MAGAZ LUIZA ON NM

MRFG3 MARFRIG ON NM

BEEF3 MINERVA ON NM

MRVE3 MRV ON NM

MULT3 MULTIPLAN ON N2

PCAR3 P.ACUCAR-CBD ON NM

PETR3 PETROBRAS ON ED N2

PETR4 PETROBRAS PN ED N2

BRDT3 PETROBRAS BR ON NM

PRIO3 PETRORIO ON NM

QUAL3 QUALICORP ON NM

RADL3 RAIADROGASIL ON NM

RAIL3 RUMO S.A. ON NM

SBSP3 SABESP ON NM

SANB11 SANTANDER BR UNT

CSNA3 SID NACIONAL ON

SULA11 SUL AMERICA UNT N2

SUZB3 SUZANO S.A. ON NM

TAEE11 TAESA UNT N2

VIVT3 TELEF BRASIL ON

TIMS3 TIM ON NM

TOTS3 TOTVS ON NM

UGPA3 ULTRAPAR ON ED NM

USIM5 USIMINAS PNA N1

VALE3 VALE ON NM

VIIA3 VIA ON NM

WEGE3 WEG ON NM

YDUQ3 YDUQS PART ON NM

84   ==>    # of listed shares

80   ==>    # of listed economic groups

9   ==>    Sample Group co's at IBOVESPA

11%   ==>    # of Sample Group co's at IBOVESPA /

            # of economic groups at IBOVESPA
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APPENDIX G - SAMPLE GROUP EQUITY BROKERAGE COVERAGE 
   
Table 60 – Research Coverage Universe  

 

   
 
Source: Capital IQ on April 30, 2021.  Table elaborated by the author. 

 
Table 61 – Interaction with Analysts: Updated Coverage Universe and Valuation Methodologies Applied 

 
 

 
 
Sources: Brokerage firms, Investment Banks and Private Banking firms. Table elaborated by the author.  
Note: there is overlap among the figures above. As such, they do not add up.  

Core Activities Research Coverage (from Capital IQ on April 30, 2021)

Company Ativa
Banco 

do Brasil
Bradesco

BTG 

Pactual

Brasil 

Plural
BofA Citi

Credit 

Suisse
Eleven

Goldman 

Sachs
Genial HSBC Inter

Itaú-

BBA
J.P.Morgan

Morgan 

Stanley
Safra Santander UBS XP

Integrated Co.'s

Eletrobras DNC DNC No report Covered No report No report Covered Covered Covered No report DNC DNC DNC Covered Covered No report Covered Covered Covered DNC

CPFL DNC DNC No report Covered DNC No report DNC Covered DNC No report DNC DNC DNC Covered Covered No report Covered Covered Covered DNC

Neoenergia DNC Covered No report DNC DNC No report DNC Covered DNC No report DNC No report DNC Covered Covered DNC Covered Covered DNC DNC

CEMIG DNC DNC No report Covered No report No report Covered Covered Covered No report DNC No report DNC Covered Covered No report Covered Covered DNC No report

COPEL DNC DNC No report Covered DNC No report Covered Covered Covered No report No report No report DNC Covered Covered No report Covered Covered Covered No report

EDP No report DNC DNC Covered No report No report DNC Covered Covered No report DNC DNC No report Covered Covered No report Covered Covered Covered No report

Light No report DNC No report Covered DNC No report DNC DNC Covered No report DNC DNC DNC Covered Covered No report Covered Covered DNC DNC

Core Generation

Engie DNC DNC No report Covered No report No report DNC Covered Covered DNC DNC No report DNC Covered Covered DNC Covered Covered DNC No report

Eneva No report DNC No report Covered DNC DNC Covered DNC DNC DNC DNC DNC DNC Covered DNC DNC DNC Covered DNC DNC

CESP DNC DNC No report Covered No report No report Covered Covered DNC No report DNC DNC DNC Covered Covered No report Covered Covered No report No report

AES Tietê DNC Covered No report Covered No report No report Covered Covered Covered No report DNC DNC No report Covered Covered No report Covered Covered DNC No report

Omega DNC DNC No report Covered DNC No report Covered Covered DNC No report DNC DNC No report Covered DNC DNC DNC Covered DNC No report

Transmission 

plus Generation

Alupar DNC Covered No report Covered No report No report DNC Covered DNC No report DNC DNC DNC Covered Covered No report Covered Covered DNC DNC

Distribution and 

Generation

Equatorial DNC DNC No report Covered No report No report No report Covered DNC No report DNC No report DNC Covered Covered No report Covered Covered No report No report

Energisa DNC DNC No report Covered DNC No report No report Covered DNC No report DNC DNC DNC Covered Covered No report Covered Covered DNC DNC

Approximate # of 

reports (Dec/20)

Approximate # of 

reports (Mar/21)

Approximate # of 

total reports                              

(Dec/20 and Mar/21)

Legend        ==> Covered Capital IQ ("CIQ") claims to make report available (A) 104 (+) 104  = 208

No report Co. is covered, but CIQ claims to have no access to report (B) 84 (+) 84  = 168

DNC Broker does not cover the company

Total (A + B) 188 (+) 188  = 376

Core Activities Research Coverage (Valuation Methodologies Applied)

Company Ativa
Banco do 

Brasil
Bradesco BTG Pactual

Brasil 

Plural
BofA Citi

Credit 

Suisse
Eleven

Goldman 

Sachs
Genial HSBC Inter Itaú-BBA J.P.Morgan

Morgan 

Stanley
Safra Santander UBS XP

Integrated Co.'s

Eletrobras DNC DNC FCFE DNC DNC FCFE DNC FCFF DNC FCFE DNC DNC DNC FCFE FCFF FCFF FCFF Multiples FCFE DNC

CPFL DNC DNC FCFE DDM DNC FCFE FCFF; FCFE FCFF DNC FCFE DNC DNC DNC FCFE FCFF FCFF FCFF FCFF FCFE DNC

Neoenergia DNC DNC FCFE DNC DNC FCFF FCFF; FCFE FCFE No report FCFE DNC No report DNC FCFE FCFF DNC FCFF FCFF DNC DNC

CEMIG DNC DNC FCFE DNC DNC FCFE DNC DNC No report FCFE FCFE No report DNC FCFE FCFF FCFF FCFF FCFF DNC FCFE; multiples

COPEL DNC DNC FCFE DNC DNC FCFE DNC DNC No report FCFE DNC No report DNC FCFE FCFF FCFF FCFF DNC FCFE FCFE; multiples

EDP FCFF; DDM DNC DNC FCFF; DDM DNC FCFE FCFF; FCFE FCFE No report FCFE FCFE DNC FCFF FCFE FCFF FCFF FCFF FCFF FCFE FCFE; multiples

Light FCFF; DDM DNC FCFE DDM DNC FCFE DNC DNC No report FCFE FCFE DNC DNC FCFE FCFF FCFF FCFF FCFF DNC DNC

Core Generation

Engie DNC DNC FCFE DDM DNC FCFE FCFE FCFE No report FCFE FCFE No report FCFF FCFE FCFF FCFF FCFF FCFF DNC FCFE; multiples

Eneva FCFF; DDM DNC FCFE FCFF; FCFE DNC DNC FCFE DNC DNC DNC DNC DNC DNC FCFE DNC DNC DNC FCFF DNC DNC

CESP DNC DNC FCFE DDM DNC FCFE FCFE FCFE DNC FCFE FCFE DNC DNC FCFE FCFF FCFF FCFF FCFF DNC FCFE; multiples

AES Tietê DNC FCFF FCFE DDM DNC FCFE FCFE DNC No report FCFE FCFE DNC FCFF FCFE FCFF FCFF FCFF FCFF DNC FCFE; multiples

Omega DNC DNC FCFE DDM DNC FCFE FCFE FCFE DNC FCFE DNC DNC FCFF FCFE DNC DNC DNC FCFF DNC FCFE; multiples

Transmission 

plus Generation

Alupar DNC FCFF FCFE DDM DNC FCFE DNC FCFE DNC FCFE FCFE DNC FCFF FCFE FCFF FCFF FCFF FCFF DNC DNC

Distribution and 

Generation

Equatorial DNC DNC FCFE FCFF; DDM DNC FCFE FCFF FCFE No report FCFE DNC No report FCFF FCFE FCFF FCFF FCFF FCFF DNC FCFE; multiples

Energisa DNC DNC FCFE FCFF DNC FCFE FCFF FCFF DNC FCFE DNC DNC DNC FCFE FCFF FCFF FCFF FCFF DNC DNC

Legend        ==> Methodology (i) Report accessed and valuation methodology disclosed; or (ii) Report not accessed, but analyst emailed confirming valuation methodology used.

No report (i) Report accessed and valuation methodology not disclosed; or (ii) Report not accessed and analyst did not confirm valuation methodology used.

DNC Broker does not cover the company

Methodology: Description: # of reports

FCFE Free Cash Flow to Equity 91

FCFF Free Cash Flow to Firm 75

DDM Dividend Discount Model 7

Multiples Trading Multiples 9

RO Real Options 0
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Table 62 – Approximate Number of Equity Research Reports Produced per Quarter 

   
 

Source: elaborated by the author.  
Notes: 
 

(i) All research reports and analysts’ statements are available upon request;   
(ii) Ativa: it was the only broker that informed it may include Real Options as part of its 

fundamental valuation methodology in the future, but refrained from giving more details.  The 
broker informed that, at present, it uses only FCFF and DDM;  

(iii) Banco do Brasil: the AES 1Q21 report was not available at CIQ and we could not access it 
through other means.  

(iv) Bradesco: differently from the other brokerage firms, Bradesco does not publish reports every 
quarter, but when, in their analyst's view, major sector or company events might affect the 
covered firms;    

(v) Brasil Plural and Genial: since June 2021 all the research materials previously produced 
either by Brasil Plural or Genial (a brokerage firm controlled by the former) are produced only 
by Genial. For simplification purposes, we considered all researches produced by them, in 
4Q20 and 1Q21, as produced only by Genial.   

(vi) BoFA: it did not cover Alupar on 4Q20. BoFA resumed coverage of this company based on 
1Q21's financials.  It was restricted to issue reports on: (a) CESP (1Q21); (b) Copel (4Q20); 
(c) CPFL (4Q20); (d) Energisa (4Q20); (e) Engie (4Q20); (f) Omega (4Q20).   

(vii) Credit Suisse: it was restricted to issue reports on AES (4Q20 and 1Q21) and Copel (1Q21). 
The broker informed it does not cover CEMIG and ENEVA;     

(viii) Eleven: although we obtained all the reports, the analyst did not reply with evidence on the 
valuation methodology used.  It was included in the "no report" category;  

(ix) HSBC: we neither had access to their reports nor got a timely reply from the analyst. It was 
included in the "no report" category;  

(x) Inter: it did not cover CEMIG in 4Q20 or 1Q21. The broker informed it started covering CEMIG 
between the 2Q21 and 3Q21;   

(xi) Itaú: it was restricted to issue reports on 4Q20: Eneva, Light, Omega, and Alupar; 
(xii) Safra: it was restricted to issue reports on EDP (4Q20).  The broker also did not cover Eneva 

in 4Q20 or 1Q21;    
(xiii) Santander: it was restricted to issue reports on Copel, Equatorial and Light (4Q20), and Copel 

and Equatorial (1Q21); 
(xiv) UBS: it initiated coverage of Eletrobras in 1Q21.  As such, no reports were issued in 4Q20. 

  

Category Brokerage Firm #

Ativa 3

Banco do Brasil 2

BTG 11

BoFA 14

Credit Suisse 10

Goldman Sachs 14

Inter 6

Itaú 15

JP Morgan 13

Safra 14

Santander 14

UBS 4

XP 8

Sub-total (C) 128

Bradesco 14

Citi 10

Genial 7

Morgan Stanley 12

Sub-total (D) 43

Eleven 8

HSBC 5

Sub-total (E) 13

Others Brasil Plural 0

Sub-total (F) 0

184

# of reports 

produced on 

average per 

quarter

Reports with disclosed 

valuation methodology

Methodology not in reports, 

but informed by analysts

No analyst reply

# of reports produced                     

(C + D + E + F)



110 

 

 

Table 63 – Number of Equity Research Reports and Analysis Obtained and Average Access Ratio 

 

  
 

Source: elaborated by the author. 

Company 4Q20 1Q21

AES 13 14 27

Alupar 12 13 25

CEMIG 11 11 22

CESP 13 12 25

Copel 10 10 20

CPFL 11 12 23

EDP 16 16 32

Eletrobras 9 10 19

Energisa 10 11 21

Eneva 8 7 15

Engie 13 15 28

Equatorial 12 14 26

Light 11 12 23

Neoenergia 9 10 19

Omega 9 10 19

Sub-totals 167 177 344

Total                           

(4Q20 + 1Q21) (G)

Category 4Q20 1Q21
Reports Access 

Ratio # 1 (L)

Covered                     

(from Figure 56, A)
104 104

No report                       

(from Figure 56, B)
84 84 (G / H)

Sub-totals 188 188

Total (H) 91%
Average Reports 

Access Ratio

Covered Reports / 

Total Reports

RO Reports / 

Total Reports

 ==>> [(L + M) / 2] (I / J)
(RO from     

Table 57 / J)

Category 4Q20 1Q21
Reports Access 

Ratio # 2 (M)

Covered (from        

Figure 58, C + D) (I)
171 171 92% 93% 0%

No report (from        

Figure 58, E + F)
13 13 (G / K)

Sub-totals (J) 184 184

Total (K) 93%

# of reports 

and analyses 

obtained

Total reports 

produced 

according to 

Capital IQ

Total reports 

produced 

according to 

our research

368

344

376


