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Abstract: This article analyzed the cost of capital under risk conditions for thermoelectric plants
in Brazil, applying the Capital Asset Pricing Model—CAPM and the Weighted Average Capital
Cost—WACC. To estimate the local CAPM, we used information from the Electric Energy Index—IEE
of publicly traded companies in the electricity sector in Brazil and for the global CAPM, we observed
the companies associated with the Edison Electric Institute—EEI, listed on the New York Stock
Exchange—NYSE and at the National Association of Securities Dealers Automated Quotations—
NASDAQ—USA. The risk conditions for capital costs were represented by Monte Carlo simulation
using, as a basis, the WACC of a fuel oil thermoelectric plant and the local and global CAPM. The
main results show that the IEE and EEI companies obtained a positive average daily return. Due to
the Brazil risk, under deterministic conditions, the local WACC (11.13% p.a.) was more attractive to
investors when compared to the global WACC (10.32% p.a.) and the regulatory WACC of 10.55% p.a.,
established by the National Electric Energy Agency—ANEEL. The most risk-sensitive input variables
were: unleveraged beta, net debt and equity. Under risk conditions observed by the market from the
point of view of Brazilian companies, the chances of the WACC of the fuel oil thermoelectric plant
being 11.1% p.a. was 68.30% and from a global perspective, the chance of WACC being 10.32% p.a.
was 99.51%. It is concluded that the cost of capital under risk conditions provides a more realistic
view of decision-making for privately held companies.

Keywords: energy economics; investment; capital structure

1. Introduction

Brazil has a privileged position in the electricity generation matrix when compared to
other countries, with an installed capacity of 84% of the domestic supply of electricity from
renewable resources, distributed in hydroelectric plants (65.8%), biomass (9%), wind (8%)
and other renewables (1.2%). Historically, the Brazilian electrical system is characterized by
the presence of hydroelectric plants incorporated into the regulatory and commercial model
with large reservoirs, which guarantees safety and low operating costs. The reduction in the
storage capacity of water reservoirs, combined with climate change, has been impacting the
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effective capacity of generation and service at the end of the National Integrated System—
SIN. Energy security is at risk, requiring SIN planning to promote the development of
enterprises in the sector involving technical-economic and socio-environmental issues [1-3].

At the beginning of the 21st century, electricity was rationed in Brazil and it was
necessary to opt for the regulated contracting of fuel oil thermoelectric plants, accelerating
the generation capacity, as well as the insertion of renewable energies. SIN was supplied
through the addition of “run-of-river” hydroelectric, wind, solar and biomass plants that
present low controllability in the generation dispatch process, from the point of view of
planning the operation of the system, in a pronounced way. To meet the electrical load,
the National System Operator—ONS controls the expressive amount and capacity to meet
the systemic requirements of reliability and safety to meet the load curve, considering the
variability of renewable generation, increasingly present in the system. Fuel oil thermoelec-
tric plants, in turn, have a wide capacity for flexibility and reliability in energy generation.
Currently, these fuel oil thermoelectric plants are close to the end of the energy supply
contract [1,2,4,5].

Every company tends to maximize market value by comparing return on investment
and capital cost. In addition, other sustainable criteria that are associated with good
ESG practices (Environmental, Social and Governance) have gained strength within large
companies operating in the financial market, boosting investments in new technologies to
provide cleaner energy and mitigate climate change, which are on the agenda of some of
the Sustainable Development Goals (SDGs) [6-8]. Therefore, the capital cost is the average
rate over time required by stakeholders, shareholders (own capital) and creditors (others’
capital). For decision-making, the capital structure of a company has complexities due to
its relationship with other variables, which originate from financing, loans, debts, partners
and shareholders, among others that receive a return equal to or greater than the cost of
opportunity [9,10].

In corporate finance theory, since the contributions of Modigliani and Miller [11],
the Weighted Average Capital Cost—WACC has become one of the pillars. The WACC
determines a minimum rate necessary to meet the needs of stakeholders, to determine
whether or not to accept the risk of the investment. Marcus et al. [10] recommend the
Capital Asset Pricing Model (CAPM) that assists in decision-making involving capital
budgeting. CAPM assumes two types of risk (diversifiable and non-diversifiable) and to
make it attractive, the risk premium must compensate for its exposure to risk, giving up
investing in a risk-free asset [9,12]. The only risk that involves most or all companies, and
which cannot be eliminated by diversification, is macroeconomic risk, the non-diversifiable
risk. Markowitz [13] stated that the diversifiable market risk would be the only one to be
considered by investors, as it could somehow be estimated. Rocha et al. [14], Rotella Junior
et al. [15], Saluga et al. [16] and Steffen [17] applied the WACC in the economic analysis of
energy projects.

In deterministic models of economic evaluation, generally, the input data are known
or assumed to be known. The uncertainty and risks of a future scenario regarding decision-
making cannot be ignored [18]. Eid and Eldin [19] consider risk as an inherent factor in
most decisions for a business, defining it as the central point of risk analysis. In an analysis
under risk conditions, one wants to know the probability distribution of possible outcomes.
When little is known about the input data, methods for uncertainty analysis are adopted.
One of the methods to assess possible deviations and risks involved is the Monte Carlo
simulation as applied by Aquila et al. [20], Lacerda et al. [21] and Silva et al. [22].

In the Brazilian electricity sector, ANEEL calculates the cost of capital for the purpose
of reviewing the tariff or revenue of the electricity distribution, transmission and generation
segments. The calculation of the regulatory rate of return on capital is estimated from
American companies in the EEI, follows the entity’s premises and undergoes periodic
reviews through public consultations [23,24]. Thermoelectric plants are capital-intensive
and knowing the determining factors is necessary for evaluating the business plan. Despite
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the complexity, understanding the cost of capital becomes fundamental for analyzing the
company’s results and the relationship between risk and return of the business.

This paper presents little explored results on privately held thermoelectric plants, in
the context of an emerging market, given that there is little understanding and publicity
of the capital structure due to the confidentiality of business information. Another aspect
that should be highlighted is the use of WACC when examining this type of company, in
addition to the application of Monte Carlo simulations.

To ensure competitiveness and survival in the energy market, this article empirically
analyzed the cost of capital under risk conditions for a thermoelectric power plant in Brazil,
based on CAPM and WACC.

2. Materials and Methods
2.1. Object of Study

The case study presented in the work refers to the application of the proposed method-
ology to the real case of a fuel oil thermoelectric plant located in the municipality of Joao
Pessoa, Paraiba, with an installed capacity of 342 MW, in an area of 800 thousand m?2.

2.2. Model Development

To analyze the cost of capital of a thermoelectric plant, the following steps were
followed: identify the activity sector; gather information on the segment’s average un-
leveraged beta; verify the average indebtedness of companies in the sector; and infer the
leveraged beta [25]. Table 1 shows the selected companies in the electricity sector, located in
the Brazilian (local) and North American (international) market, using the daily quotation
of assets, from 2011 to 2019. The local companies are from the Electric Energy Index (IEE)
of B3 S.A. Brasil, Bolsa, Balcao (B3) and international ones are associated with the Edison
Electric Institute (EEI), listed on the New York Stock Exchange (NYSE) and the National
Association of Securities Dealers Automated Quotations (NASDAQ).

Table 1. Companies in the local and international market, which make up the Electric Energy Index
(IEE) and Edison Electric Institute (EEI), respectively.

Code Local Companies Code International Companies

ALUP11 Alupar Investimento S.A. FE Firstenergy Corp.

CESP6 Cesp—Cia Energética de Sao Paulo EIX Edison International

CMIG4 Cemig—Cia Energética de Minas Gerais ES Eversource Energy

COCE5 Coelce—Cia Energética do Ceara PPL Ppl Corporation

CPFE3 CPFL energia ED Consolidated Edison, Inc.
CPLE6 Copel—Cia Paranaense de Energia AEP American Electric Power Company, Inc.

EGIE3 Engie Brasil Energia S.A. PCG Pg & e Corporation

ELET3 Eletrobras—Centrais Elétricas Bras. S.A. OGE Oge Energy Corp.

ENBR3 EDP Energias do Brasil EXC Exelon Corporation

ENEV3 Eneva S.A. NWE Northwestern Corporation
ENGI11 Energisa S.A. NEE Nextera Energy, Inc.

EQTL3 Equatorial Energia S.A. AEE Ameren Corporation

LIGT3 Light Servicos de Eletricidade S.A. IDA Idacorp, Inc.

NEOE3 Neoenergia S.A. ETR Entergy Corporation

OMGE3 Omega Geragao S.A. PEG Public Service Enterprise Group Incorporated

TAEE11 Taesa—Transm. Alianga de Energia Elétrica S.A.

TIET11

AES Tiete Energia S.A.

TRPL4 Isa Cteep—Cia Trans. Energia Elétrica Paulista

Source: [26-28].

2.3. Risk Identification and Uncertainty

For the elaboration of the analysis of the cost of capital at risk, the opportunities and
threats that influence the variables involved in thermoelectric generation were highlighted.
The threats were: the end of the authorization to operate the generation enterprise and
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environmental pressures imposed on fuel oil thermoelectric plants. The opportunities were
the Auctions for the retrofit of fuel oil plants, ancillary services market and tax incentives.
The input variables considered most significant to analyze the cost of capital, both locally
and internationally, were: unleveraged beta, net debt and equity. For the Monte Carlo
simulation of the variables, the triangular distribution was used, for mathematical simplicity
and for generating random samples capable of identifying sensitive parameters [15,29].

Information on Brazilian inflation was gathered by the Broad National Consumer Price
Index (IPCA) of the Brazilian Institute of Geography and Statistics (IBGE); U.S. inflation
was measured by the U.S. Consumer Prices Index (CPI). Bureau of Labor Statistics: Return
of the Standard & Poor’s 500 Index (S & P500) for the CAPM estimates was extracted
from the projections of the International Monetary Fund (IMF), in April 2021. As a market
return, the profitability of the Standard & Poor’s 500 Index portfolio was used (S & P500)
in the period from 2011 to 2020 [22]. The risk-free rate comprised the National Treasury
Notes indexed to inflation (NTN-B), measured by the IPCA, using a 10-year window. Only
government bonds can be considered risk-free, given the power to issue currency and pay
nominal values [30].

2.4. Identification of Analysis Variables or Output Variables
The output variable used was WACC (Equation (1)).

E D
WACC = (H—D>Ke + (H—D>Kd(l ~T) 1)

where E is the value of shareholders’ equity, D is the value of net debt, Ke is the cost of
equity, Kd is the cost of debt capital and T is the marginal tax rate, 34% in Brazil [21].

The cost of capital of the partners (Ke) in the analysis represented the minimum return
acceptable to equity investors in relation to the thermoelectric risk, calculated by the CAPM
approach [10,19]. Figure 1 shows the formation of the thermoelectric cost of capital to
estimate the WACC.

Cost of Debt
Capital

Net debt

Shareholders'
Equity

Cost of equity ——

. I

Figure 1. Structure of the WACC formation.

Based on the structure of the WACC formation, it estimated the beta for including
market risk. Thus, the greater the risk, the greater the beta of the asset and the CAPM was
calculated (Equation (2)).

Ke =rf + B(rm —rf) 2)

where Ke is the expected return in dollars; rf is the return on risk-free assets, given by the
average return on National Treasury Notes indexed to inflation (NTN-B); j is the asset’s
beta; (rm — rf) is the risk premium, which is the difference between the return on the
S & P500 Index portfolio and the return on the risk-free asset; and the values were also
adjusted to obtain Ke in reais (BRL) [9,21].
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To analyze the companies’ risk, the correlation of the indexes was calculated based on
the local market (IBOV) and the international market (S & P500). The correlation between
assets and portfolio risk showed market conditions, positively or negatively affecting
companies. As market indices are affected, companies can also be affected, with covariance
between the indices being calculated. Beta () indicates the asset’s sensitivity to market
volatility, that is, between the return on portfolio assets and the return of market indices,
the IBOV and S & P500. The beta calculation (Equation (3)) is performed using the standard
deviation in relation to daily returns.

Bi— Coszng, Rm) 3)
(Rm)

where Cou(Ri, Rm) is the covariance between the return on assets and the return on market

indices. S%(Rm) is the variance of the market portfolio returns.

The risk and return of beta can present three scenarios: assets have higher risk (8 > 1),
lower risk (8 < 1) and similar risk (8 = 1) to the market risk. Determining a company’s beta
can be achieved in three ways: through cyclical nature of revenues, operating leverage
and financial leverage. After finding the beta value of the selected companies, it inferred
the companies’ indebtedness. The equity beta is the unleveraged beta, and the asset beta
corresponds to the leveraged beta. To remove the financial risk and determine only the
business risk, the betas must be “deleveraged”; in doing so, all companies will be on the
same level for continuity of analysis. Soon after, the average of the companies’ unleveraged
betas was calculated. In the last step, the thermoelectric beta was again leveraged using
its capital structure. The cost of debt capital (Kd) represents the percentage of interest
demanded by creditors and also includes other financial expenses of the company. In
summary, all short-term and long-term borrowing costs of the company and the respective
weighted interest rates are taken into account [17].

2.5. Model Simulation and Analysis

After measuring the WACC (output variable), 10,000 simulations were performed for
the output variable, using pseudo-random numbers, that is, generating a series of values for
the analysis variable to obtain its simple and cumulative frequency distribution, descriptive
statistics and sensitivity of input variables. Once the probability distribution of the output
variables is obtained, the decision is made based on the information found and taking into
account other relevant aspects of the project.

3. Results and Discussion

Table 2 presents the average financial results of local and international companies,
from January 2011 to December 2019. For Brazilian companies, a positive correlation of
39.7% was obtained with the IBOV, and for international firms, a statistical analysis of
the correlation of American companies showed a median of 39.5%, also characterizing an
association with the index of this analysis, the S & P500, showing a positive correlation.

The correlation analysis offers an excellent perception of the relationship between the
return of the variables, which was perceived in the expected return of the assets involved.
All Brazilian companies had a positive average daily return, except for ENEV3, with asset
volatility fluctuating between 1.36% and 3.74%. For American companies, the average
returns were between 0.95% and 3.55%, with the exception of the PCG company. For the
investment in ENEV3 to be viable, the investor must demand a higher return to compensate
for his exposure to risk. For a given degree of risk, the investor will choose the alternative
that offers the highest possible return, considering the smallest standard deviation.
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Table 2. Average financial results of local and international companies, from January 2011 to Decem-
ber 2019.

Code Average Star.ld%rd Leveraged DIE Unleveraged Ke (USD) Ke (BRL)
Return Deviation Beta Beta
ALUP11 0.06% 1.70% 0.42 46.8% 0.28 8.4% 11.8%
CESP6 0.03% 2.24% 0.63 33.0% 0.57 11.1% 14.6%
CMIG4 0.03% 2.62% 0.99 63.6% 0.70 15.8% 19.5%
COCE5 0.06% 1.67% 0.32 15.4% 0.21 7.0% 10.4%
CPFE3 0.04% 1.66% 0.56 105.4% 0.37 10.3% 13.7%
CPLE6 0.04% 2.23% 0.89 54.6% 0.73 14.6% 18.2%
EGIE3 0.06% 1.49% 0.50 14.5% 0.24 9.4% 12.8%
ELET3 0.04% 3.24% 1.17 81.5% 0.89 18.2% 21.9%
s ENBR3 0.05% 1.89% 0.58 64.7% 0.43 10.5% 13.9%
S ENEV3 —0.10% 3.74% 0.43 76.2% 0.30 8.5% 11.9%
ENGI11 0.10% 1.95% 0.27 88.1% 0.12 6.4% 9.7%
EQTL3 0.11% 1.57% 0.44 158.0% 0.28 8.7% 12.0%
LIGT3 0.01% 2.53% 0.80 83.9% 0.47 13.3% 16.9%
NEOE3 0.32% 1.36% 0.26 71.8% 0.15 6.2% 9.5%
OMGE3 0.13% 1.54% 0.25 202.9% 0.17 6.2% 9.5%
TAEE11 0.06% 1.59% 0.38 75.9% 0.24 7.8% 11.2%
TIET11 0.06% 1.54% 0.43 99.0% 0.18 8.5% 11.9%
TRPL4 0.04% 1.75% 0.41 184.4% 0.37 8.2% 11.6%
AEE 0.06% 1.09% 0.52 128.0% 0.28 7.7% 10.1%
AEP 0.06% 1.01% 0.44 160.4% 0.21 6.9% 9.3%
ED 0.04% 0.95% 0.33 121.8% 0.18 6.0% 8.4%
EIX 0.04% 1.35% 0.50 163.5% 0.24 7.5% 9.9%
ES 0.06% 1.04% 0.49 127.0% 0.26 7.3% 9.8%
Té ETR 0.04% 1.08% 0.46 202.9% 0.20 7.1% 9.5%
kel EXC 0.02% 1.20% 0.50 118.7% 0.28 7.4% 9.8%
T FE 0.03% 1.27% 0.51 314.1% 0.17 7.6% 10.0%
g IDA 0.06% 1.09% 0.61 66.4% 0.42 8.4% 10.8%
5 NEE 0.08% 1.00% 0.47 128.7% 0.26 7.2% 9.6%
NWE 0.05% 1.08% 0.58 115.9% 0.33 8.1% 10.5%
OGE 0.04% 1.16% 0.68 98.8% 0.41 9.0% 11.4%
PCG —0.05% 3.55% 0.53 192.3% 0.24 7.7% 10.2%
PEG 0.04% 1.12% 0.53 104.5% 0.31 7.7% 10.1%
PPL 0.04% 1.07% 0.46 180.1% 0.21 7.1% 9.5%

NEOE3 has the best alternative with the lowest standard deviation (1.36%) of the
series and the most favorable daily return (0.32%). For American companies, NEE was the
most recommended, with a standard deviation of 1% and the highest daily return (0.08%)
among the other assets. The leveraged beta of companies represents an important indicator
that estimates the relative risk of companies. This risk measure is based on market risk,
represented by the IBOV (local companies) and S & P500 (international companies). Values
can be greater than, equal to or less than zero. The local betas ranged from 0.25 to 1.17 and
ELET3 showed the highest beta (1.17) of the portfolio, having a risk higher than the market
risk (8 > 1). According to the CAPM method, when choosing this asset or company, the
investor expects a higher premium for his investment; however, he incurs greater risks.
This hypothesis is confirmed in Table 2, with the accounting of the highest expected return
at 21.9% for this asset, the result of Ke in reals.

OMGES3 presented the lowest beta (0.25), inferring lower risk in relation to the mar-
ket (B < 1) and also the lowest expected return (9.5%) of Ke in reals. The beta interval
serves as a benchmark, constituting an important parameter for assessing the level of risk
presented by the thermoelectric beta in the final assessment. The leveraged beta of inter-
national companies ranged from 0.33 to 0.68, with an average of 0.51. The OGE company
showed the highest beta of the portfolio (0.68), having a risk lower than the market risk
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(B < 1), accounting for the highest expected return on Ke (BRL) of 11.4% among other
American companies.

The ED company stood out in the analysis, presenting the lowest beta (0.33), giving
the lowest risk in relation to the market (8 < 1) and lowest expected return (8.4%) of Ke
(BRL). For unleveraged betas (Table 2), Brazilian companies had an average of 0.37, ranging
from 0.12 to 0.89; and international companies had an average of 0.27, oscillating between
0.17 and 0.42, which is equivalent to the level of risk in the electricity sector that makes up
the IBOV and the S & P500. According to Damodaran [30], the higher the level of financial
leverage through the use of cost of debt capital, the lower the unleveraged beta, that is,
using leveraged beta shows that the lower its value, the lower the unleveraged beta.

For the local case, ENGI11 had the lowest unleveraged beta (0.12) with strong exposure
to debt of 184%, based on the proportion of debt capital and shareholders’ capital, being
the second most indebted company. It was noted that ELET3 with the highest unleveraged
beta (0.89) did not have the highest net debt to shareholders’ equity ratio, accounting
for 46.8%. Brealey et al. [9] pointed out that other aspects can determine the beta of a
company, which go beyond the financial, such as operating leverage and the cyclical nature
of revenues. Therefore, evidencing the theory, the beta of ELET3 was the highest among
Brazilian companies at 1.17.

The American company with the highest level of leverage was FE, with an unlever-
aged beta of 0.17, showing strong dependence on cost of debt capital. The net debt to
shareholders’ equity ratio, calculated at 314.1%, proves the result of the analysis. From
another perspective, the IDA company, with the highest unleveraged beta of 0.42, assumed
a prominent position, due to the low dependence on cost of debt capital, and consequently,
lower net debt to capital ratio (66.4%). For the local investor, it was noticed that there was
risk due to having more volatility of the assets of the standard deviation and by the lever-
aged betas. Returns on invested capital exceeded the returns of international companies.
The risk composition assumes that if the company has a higher proportion of debt capital,
the unleveraged beta tends to be higher, but most of the risk comes from financial leverage
and not from the market. Despite the fact that international firms have a higher proportion
of cost of debt capital than local ones, the estimated risk from the leveraged betas linked to
EEI was lower than that of the IEE, showing that the international risk is lower than the
Brazilian market.

Table 3 presents the WACC estimates for the privately held thermoelectric plant,
from a local and international point of view. Based on the debt ratio of local companies
(0.36), the thermoelectric leveraged beta was estimated at 0.38. Analyzing international
companies, the debt ratio of companies estimated at 0.26 resulted in a lower leveraged beta
for thermoelectric power at 0.28.

Table 3. Cost of privately held local and international thermoelectric companies.

Parameters National International
Leveraged beta 0.38 0.28
Unleveraged beta 0.36 0.26
Cost of equity (Ke) in reals 11.32% 10.48%
Cost of debt capital (Kd) in reals 8.19% 8.19%
WACC 11.13% 10.32%
WACC ANEEL (Technical Note N° 45/2020) 10.55% 10.55%

The spread between leveraged beta and unleveraged beta shows that the thermo-
electric plant does not depend on cost of debt capital to finance its operational activity.
This outcome reflects the success of the enterprise’s good management and operational
performance. The ratio between net debt and capital of the thermoelectric partners was
accounted for at only 3%. When the company does not have any net debt, it is an exclusively
equity company. However, despite the low cost of debt capital, the plant still has financing

to pay.
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The percentage of the ratio between net debt and equity of national companies ranged
from 14.5% to 202.9% and for international companies, it ranged from 66.4% to 314.1%.
Despite greater indebtedness, American companies have lower beta, indicating greater
risk for the Brazilian scenario. The average market leveraged beta in the local market was
0.54 and for companies in the international market it was 0.51. The estimated leveraged
beta result for thermoelectric power was below the averages presented, 0.36 (national) and
0.26 (international). Low exposure to cost of debt capital is the main factor for diluting the
company’s risk.

Calculating the amount and rate of financing taken by the thermoelectric plant in the
analyzed period, the cost of debt capital (Kd) was 8.19%. Applying the CAPM, the required
return by shareholders (Ke) in US dollars (USD) was 11.32% in reals (R) for the Brazilian case
and 10.48% in reals (BRL) for the international case of American companies. The WACC
calculated for the period 2020 by ANEEL was estimated at 10.55%, based on American
companies. Comparing with the results of Brazilian companies (11.13%) and American
companies (10.32%), in the period of analysis, it varied by 0.58% (Brazilian companies)
and 0.23% (American companies). The analyses by Steffen [17] and Anton and Nucu [31]
indicated that, in general, the cost of capital in emerging countries is higher compared
to stable countries. In order to establish strategies to minimize risks and/or maximize
gains for the decision-maker, they took into account the attitudes, actions and reactions of
actors or players in order to formalize the maximization of the expected payoff. Table 4
presents the variables of the stochastic model, assigning minimum, maximum and most
probable values, opting for the triangular distribution in considering the measurement of
the uncertainty of the cost of capital.

Table 4. Maximum, minimum and most likely values of the thermoelectric plant capital cost variables
for estimating the WACC.

Brazil (BRL) EUA (USD)
Minimum More Likely Maximum Minimum More Likely =~ Maximum
Unleveraged Beta 0.12 0.37 0.89 0.17 0.27 0.42
Net Debt (x10°) $1.11 $9.10 $35.75 $1.70 $21.84 $46.98
Shareholders’ Equity (x 100) $1.38 $76.37 $13.67 $2.07 $14.82 $36.51

Figure 2 shows the participation of variables in the composition of WACC probabil-
ities. For Brazilian companies, the input variable that had the greatest impact was the
unleveraged beta (84%); therefore, it was more sensitive and more important in relation to
the thermoelectric cost of capital. The net worth of the projects contributed to the estimate
(39%), despite the lower proportion. Only the net debt (—31%) had negative participation
in the result of the cost of capital. The sensitivity analysis of US companies shows that the
shareholders’ equity and the unleveraged beta of the projects contributed with 55% in the
composition of the WACC estimate, while the net debt contributed negatively by 56%.

Monte Carlo simulation is a technique applied to models in order to find results linked
to initial assumptions. Simulation comes from the Latin similis, which means similar. It is
a technique that aims to reproduce situations supposedly similar to real ones. In reality,
the cash flows and discount rates are unknown, characterizing a situation of uncertainty;
therefore, in this method, simulations are performed using hypothetical data (through
pseudo-random numbers). Figure 3 shows the distribution of WACC from the perspective
of Brazilian and American companies in terms of Monte Carlo simulation considering
10,000 iterations.
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Figure 2. Influence of the uncertainty variables of the Brazilian and American companies in relation
to the cost of capital (WACC) of the fuel oil thermoelectric plant.
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Figure 3. Histogram of the frequency and cumulative frequency (%) of the Monte Carlo simulation
from the perspective of the Brazilian (IEE) and American (EEI) companies.

Observing the probability distribution of Brazilian companies, the WACC varied
between 6.64% p.a. and 15.06% p.a., with an average of 10.50% p.a. and standard deviation
of 1.35% (Table 5). The odds of WACC being 11.13% p.a. of the fuel oil thermoelectric plant
was 68.30%, while they had values very close to the average; that for the WACC ANEEL
being 10.55% p.a. was 53.20% and for the American WACC, the odds of being 10.32% p.a.
was 48.21%. From the perspective of American companies, the WACC ranged from 6.79%
to 11.22%, with an average of 8.49% p.a. and standard deviation indicating a probability of
being above 11.10% p.a. of 30.46% for the WACC. The odds of WACC being 11.13% p.a.
of the fuel oil thermoelectric plant was 100.00%, while they had values very close to the
average for the WACC ANEEL; the odds of being 10.55% p.a. was 99.57% and for the
American WACC, the odds of being 10.32% p.a. was 99.55%. The average proportion of
cost of debt capital of US companies was 42%, reflected by the plant’s leveraged beta being
outside the range of US companies (Table 2).

Table 5 presents the descriptive statistics for the WACC projection. Brazilian companies
accounted for an average of 10.50% and a median of 10.40%. Analyzing the percentiles,
there is a 50% chance of the WACC being equal to or greater than the mean and median
values, and a 90% chance of being above 12.3%. American companies returned an average
of 8.53% and a median of 8.49%. Examining the percentiles, there is also a 50% chance of
the WACC being equal to or greater than the mean and median, and a 90% chance of being
above 9.3% p.a.
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Table 5. Descriptive statistics of the output variables of the WACC projection from the perspective of

IEE and EEI companies.
Statistics Brazilian Companies (IEE) American Companies (EEI)
Average 10.50% 8.53%
Median 10.40% 8.49%
Standard Deviation 1.35% 0.63%
Variance 0.02% 0.00%
Kurtosis 2.71 2.94
Coefficient of Variation 0.1286 0.0745
Minimum 6.64% 6.79%
Maximum 15.06% 11.22%
Percentiles
0% 6.64% 6.79%
10% 8.82% 7.73%
20% 9.30% 7.98%
30% 9.70% 8.17%
40% 10.06% 8.33%
50% 10.40% 8.49%
60% 10.77% 8.66%
70% 11.18% 8.83%
80% 11.66% 9.06%
90% 12.35% 9.37%
100% 15.06% 11.22%

4. Conclusions

From the analyses carried out, it is concluded that from the perspective of national
and international companies, the WACC of the local thermoelectric plant was estimated
at 11.13% and 10.32%, respectively. Despite the low presence of third-party capital in the
capital structure of local companies, the calculated risk of the business made the cost of
capital higher. The thermoelectric plant had a very low level of financial leverage, 3%
in third-party capital. We exposed that 97% of the estimated beta for the venture was
associated solely with the business risk. Under local and international risk conditions, the
WACC of the case study was close to the average from the point of view of local companies
and 100% of international firms.

This study contributes to more realistic decision-making for privately held thermoelec-
tric plants in the Brazilian electricity sector. The calculated WACC allowed better economic
analysis, involving risk and uncertainty. The cost of capital provides a critical parameter for
allocating investors’ resources, influencing prices and decision-making. For an emerging
economy, the cost of capital is higher, but when there is economic stability, these risks are
reduced in economic policy, favoring the business environment and the expectation of
future ventures. The empirical result was limited to companies in the energy sector from
two countries, with a stable and emerging economy, and for future research, ESG practices
can be included in the investment analysis.
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