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Abstract: 

There have been several challenges concerning the decisions and timing of new investments in the Brazilian 
power electricity generation due to irreversibility characteristics and uncertainty inherent in the sector, such as 
the volatility of electricity prices. Large hydropower plants are getting difficult to implement in the Brazilian 
generation sector, primarily due to environmental concerns and political pressure. Therefore, there has been 
an increasing focus on investments of small-scale hydropower plants (SHP). In this context, this paper 
analyses the use of Real Option (RO) theory for decision-making concerning the investment in SHP’s in Brazil. 
This paper investigates the possibility for the entrepreneur of postponing its participation in the auctions 
proposed by the government. The deferral option can bring relevant value to the evaluation of SHP since the 
investor has the option to wait until more favorable conditions appear, e.g., better electricity prices or 
authorization. Therefore, the application proposed in this paper may be considered as a novel approach 
regarding the application of the RO theory. For this purpose, a real SHP of 7 MW of installed capacity was 
used as an investment case and it was assumed that the entrepreneur has the option to participate in the 
auctions in the next three years (2018 - 2020). A comparison of the results considering the traditional economic 
analysis (based on the discounted cash flows) is undertaken to evaluate the proposed approach. It can be 
concluded that the deferral option in participating in the auction can be considered a real option for investors 
and this time flexibility might bring financial advantages since the uncertainties are reduced. Furthermore, the 
methodology proposed in this paper has great potential to assess future SHP project evaluation and can be 
adapted to evaluate other power options. 
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1. Introduction 
The growing interest in Renewable Energy (RE) generation projects has become a reality over the 

last years worldwide mainly due to climate change concerns and sustainability aspects [1]. In this 

sense, Brazil stands out among other countries on using Renewable Energy Sources (RES) mainly 

because of its large-scale hydropower system [2,3]. Brazil accounts for the largest electricity market 

in South America with an installed capacity of 153.94 GW [4]. According to the Brazilian Energy 

Balance (BEN) in 2016 electricity generation was primarily composed by RES as illustrated in Fig. 

1 divided into 68.1% of hydropower; 8.2% biomass; 5.4% wind and 0.01% from solar. 

Hydroelectricity presents several advantages compared to other power options including low 

operating and maintaining costs and high efficiency. However, large hydropower plants are getting 

difficult to implement in the Brazilian generation sector primarily due to environmental concerns and 

political pressure. Therefore, there has been an increasing focus on investments of Small-scale 

Hydropower Plants (SHP).  

According to Brazilian Electricity Regulatory Agency (ANEEL), a Small Hydropower Plant (SHP) 

is defined as a power plant with an installed capacity below 30 MW and with a reservoir of less than 

3 km2. Currently, SHP represents 3.56% of Brazil’s total installed capacity, representing 5.5 GW with 

430 SHP projects in operation [4]. Currently, there are 29 projects under construction and 130 



approved projects, but the construction has not yet started. According to [5], the potential of SHP is 

approximately 22.5 GW and the installed capacity is expected to be around 6.5 GW in 2020. 

Therefore, SHP investments are expected to increase considerably and develop a key role in the future 

in the Brazilian sector.  

 

 

Fig. 1.  Brazilian domestic electricity supply by source in 2015. 

There have been several challenges concerning the decisions and timing of new investments in power 

electricity generation due to the uncertain environment of the sector, such as the volatility of 

electricity prices. The technical impacts of SHPs projects on power grids have been widely 

investigated in the literature [3]. Nevertheless, less attention has been paid to the economic evaluation 

of these investment projects [6]. In this context, several methods are available to evaluate investment 

in energy projects [7]. Typically, the economic analysis of energy generation projects has been 

assessed considering only a few set of indicators, highlighting the Payback, Net Present Value (NPV) 

and Internal Rate of Return (IRR) [1,8,9]. These methods, however, do not take into account the risks 

and uncertainties involved in the appraisal evaluation  [10]. Therefore, several works and specialists 

have been criticizing the use of only these traditional methods in project evaluation primarily because 

it neglects managerial flexibility and might lead to the project undervaluation [1,10]. 

Additionally, considering the high capital expenditure, recent changes in the regulatory structure, 

management flexibility and irreversibility, the use of conventional financial analysis methods may 

lead to a oversimplified economic project evaluation [1], [7]. In this sense, new evaluation methods 

appear as a complement to evaluate investments, including RE projects, e.g., scenario analysis, 

sensitivity analysis and the Real Option Analysis (ROA). Risk is usually incorporated into the 

analysis of economic viability of Investment Projects (IP) using the sensitivity analysis [8]. 

Specifically for RE projects, ROA is considered by literature a more suitable tool for the investment 

assessment as it considers management flexibility [1]. In [1] the authors compare the traditional NPV 

methodology with the ROA approaches using a hydropower project case study. The work proposed 

by [7] applied ROA to analyse an investment in a mini-hydro plant using the binomial tree method. 

The authors highlight that ROA offer an advantage over traditional methods since the former takes 

into consideration aspects such as irreversibility, uncertainty and management flexibility. In [11], it 

is considered the use of ROA to evaluate both wind farms and SHP projects investment and the author 

concluded that the option to defer the construction can generate value for the investor. 

Regarding SHP projects, there are two main alternatives for considering the investment deferral. The 

first one comprises the possibility of postponing the SHP set up after receiving the permission to start 

its construction. This case can be considered as a speculative behaviour of investors in situations for 

instance of insufficient financial requirements for starting the construction of the SHP. In those cases, 

in which the investor had permission but has not yet started the SHP construction, it has the option to 

postpone the start of constructing and might obtain economic advantages from this decision. Thus, 
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through ROA the investor could defer the investment until energy prices are better to sell the energy 

produced by the SHP [12]. Nonetheless, the current Brazilian regulatory structure regarding SHP’s 

has tried to minimize this kind of speculative behaviour. The second situation regarding the possibility 

of deferral the SHP construction encompasses the possibility for the entrepreneur of postponing its 

participation in the auctions proposed by the government. This latter analysis is the focus of this paper 

and to the best of authors’ knowledge may be considered as a novel approach regarding the 

application of the RO theory. In this sense, this work will focus on considering the deferral option, 

which implies that the investor has the possibility to postpone the investment until better information 

is obtained to make a decision. 

The remainder of the paper is organized as follows. Section 2 presents an overview of the actual 

structure of the Brazilian electricity sector and Section 3 highlights the main issues concerning the 

ROA in the context of energy investments. Section 4 presents the methodology proposed for the SHP 

project evaluation including the project’s volatility estimation through Monte Carlo Simulation. 

Section 5 describes the investment project evaluation under analysis considering the use of traditional 

methods and the use of ROA. Finally, Section 6 draws the main conclusions of the paper. 

2. Brazilian electricity market 
Brazilian electricity market has special characteristics over other electricity markets worldwide 

primarily due to its continental dimensions, regional characteristics and high hydropower contribution 

in electricity generation. The Brazilian market operator (CCEE) is responsible to promote the 

electricity commercialization activities. Brazil’s electricity market sector offers two different trade 

environments: the ACR – Regulated Contracting Environment, in which distributors acquire energy 

by auctions regulated by the government, and the ACL – Free Contracting Environment, in which 

buyers and sellers freely negotiate contract terms [13].  

By delegation of ANEEL, the CCEE is in charge of executing regulated power auctions for the ACR. 

The main aim of auctions is to reduce risk of investor in the regulated market. Distribution companies 

are obligated to contract the most part of their electricity through public auctions promoted by CCEE 

in the ACR. Thus, investors compete for concessions in long-term contracts. The model distinguishes 

from “new energy” auctions (energy from new generation plants) and “existing energy” auctions 

(energy from existing generation plants), in which the time for starting operating and the contracts’ 

extent are different.  

3. Real Options Theory in the Electricity Generation Sector 
Real options refer to current choices or opportunities of which an investor may take advantage. A real 

option gives to its holder the right, without obligations, of making an investment decision concerning 

real assets, e.g., abandon, build or defer it at a pre-determined cost during a pre-established time 

[1,7,14]. Investments in generation projects are considered irreversible [7,15]. Thus, when a decision 

maker chooses to make an irreversible investment, he exercises an option [15]. Investment 

opportunities in energy generation sector are strongly affected by future expected electricity prices. 

The high uncertainty in future electricity prices can lead the investor to have more than only one 

possible decision. For example, the investor might postpone the investment in order to consider 

timing of the investment. Therefore, he may choose to invest immediately or at an optimal time in 

the future as new information is revealed [15]. In these cases, ROA is considered worthwhile. 

According to literature, the use of ROA is supposed to enhance the value of RE projects. There are 

two main sources of uncertainty regarding a SHP project: the final energy price [16] and the best 

moment to signing the Power Purchase Agreement (PPA) [6]. In the context of RE projects, the 

managerial flexibility most include the flexibility of delaying an investment decision. This option is 

expected to be valuable since optimal decisions might change over time as new information is 

released [17]. Managerial flexibility also expects to reduce the exposure of a project to market 

uncertainty [18]. The managerial flexibility of deferral an option should then be incorporated in the 

project evaluation and this can be done by using ROA. The risks and uncertainties had increased in 



the last years in Brazil due to a set of factors, including the political aspects and the economic crisis. 

One of the main uncertainties inherent to the electricity sector is related to predict the behaviour over 

time of such electricity prices. Several factors affect the expectation of long-term electricity prices. 

Thus, future profitability become highly uncertain and investments in this sector should be well 

evaluated [15]. The use of RO is then fundamental in the development of business strategies, mainly 

those relating to investments.  

4. Methodology 
The main objective of this study is to propose a new framework to evaluate SHP projects in the 

Brazilian electricity sector considering the possibility of postponing the investment decision. This 

research is characterized as applied aiming to generate knowledge to practical application [19]. The 

methodology approach applied in this research is illustrated in Fig. 2 and aims to supply a procedure 

of applying the use of ROA in projects of SHPs. In addition, the methodology proposed might be 

applicable to other types of investments mainly related to RE projects. 

STEP 2 
Use Discounted Cash 

Flow (DCF) method to 

calculate the present 

value of the base 

case

STEP 1

Recognize the option 

Description: Recognize and describe the option: This first step aims to recognize the 

possible options to the project under analysis. Analysing the project’s characteristics 

and the pattern of the project cash flows over time can be considered good strategies to 

recognize some of the possibile options to evaluate. Capital expenditures can also 

provides insights about the real options. The new approach proposed refers to the use of 

ROA in deferring or not the investor’s participation in the auctions depending on the 

current conditions.

Description: The traditional present value is determined in this step without 

considering flexibility by using the deterministic approach. 

STEP 4

Critical analysis and 

managerial  flexibility

STEP 3 

Uncertainty 

modelling using 

event trees

Description: In this step, the objetive is to understand how the present value develops 

over time. Uncertainty can be estimated using historical data or management estimates 

as input. The Monte Carlo simulation is recommended to estimate the uncertainties 

such as price, demand and/or growth rate. In the case of this analyses, the project’s 

volatility is  equal to the standard deviaton obtained through Monte Carlo simulation . 

Description: At this stage, the managerial flexiblities are identifyied and incorporated 

into the event trees and further into decision trees. The flexibility has altered the risk 

characteristics of the project and for this reason the cost of capital has changed. The risk 

neutral probability determines how the stock price is expected to increase or decrease 

and it is determined according  to (2) and (3), respectively.

STEP 5

Real Options 

Analysis (ROA) is 

undertaken

Description: Real option value can be calculated as the sum of the present value 

determined on STEP 2 plus the option (flexibility) value according to (1). At this point, 

the best moment to invest can be determined.

 

Fig. 2. Methodological approach of the research based on [10] and [20]. 



The real option value corresponds to the difference between the expanded NPV, which considers 

managerial flexibility, and the traditional NPV, that does not account for managerial flexibility, 

according to (1): 

 

 
expReal option value anded traditionalNPV NPV  . (1) 

 

For both American and European options, numerical methods are needed to their evaluation. The 

main models described by literature to evaluate RO are the Black-Scholes and the binomial tree 

[10,21]. The binomial tree model has been widely applied concerning RO in the context of RE 

investment decisions [7,12]. The binomial tree helps the decision-maker between exercises the option 

or wait until its maturity date. Thus, this paper will use the binomial tree model as illustrated in Fig. 

3. 
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Fig. 3. The binomial tree. 

The price of the underlying asset ( )S  might increase (by a factor u) or decrease (by a factor d) at 

each period ( )t . The coefficients   or d  reflects the favorable or unfavorable market conditions 

and are dependent on volatility ( )  according to (2) e (3)  

 

 te   , (2) 

 

 td e    . (3) 

 

The volatility is equal to the standard deviation of the underlying asset and the risk neutral probability, 

p, determines how the stock price is expected to increase or decrease and it is determined according 

respectively to (4) and (5) 
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 1q p  . (5) 

where fr  is the risk-free interest rate. 



Estimating the project’s volatility is not a trivial issue and literature usually describe this process 

without describing the step-by-step necessary to determine this value [22]. The volatility estimation 

of the underlying asset has considerable relevance when using ROA since this variable is taken into 

consideration to determine the ascending ( )  and descending ( )d  factors and further to build the 

event tree [10]. The Monte Carlo Simulation can be employed to combine one or more uncertainties 

to further obtain the probability distributions required [22]. Usually, the probability of the present 

value of a project is undertaken. However, in this case, the volatility required to build the binomial 

tree corresponds to the volatility of the rate of return, z, as illustrated in (6)  
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where 0PV  corresponds to the present value of the project obtained through the deterministic 

approach (STEP 2) and is kept unchanged during the Monte Carlo Simulation. 1FCF  is the cash flow 

at time 1 whereas 1PV  is determined according to (7) 
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where N corresponds to the number of years over which cash flows are received or paid and WACC 

represents the Weighted Average Cost of Capital. It should be emphasized that the standard deviation 

of the rate of return obtained through the Monte Carlo Simulation is equal to the project’s volatility. 

After determining the project’s volatility, the event tree binomial lattice can be build. Fig. 4 illustrates 

the process for building a value-based event tree using the Monte Carlo Simulation according to [10]. 
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Fig. 4. Process for building a value-based event tree using the Monte Carlo Simulation. 

5. Results and discussion 
In this section, the framework proposed is applied to a case study of a real SHP project. According to 

the company’s investment plan, the decision of participating or not of the auction should be done in 

the next three years (2018 - 2020) based on the right time to invest according to the use of ROA. This 

section also provides the main characteristics of the project under analysis regarding the capital and 

operational expenditures, variable costs and taxes. Firstly, in section 5.1 the traditional evaluation is 

applied determining a set of indicators, namely Net Present Value (NPV), Internal Rate of Return 

(IRR) and Payback. Secondly, the ROA is applied and a comparison between both methodologies is 

undertaken. 

5.1. Case study: Small-scale hydro power plant 

The investment under analysis is based on a real SHP project with an expected installed capacity of 

7 MW and it is located in the South region of Brazil. The hydropower plant is expected to start 

operating preferable until 2022, according to company’s information. In addition, the SHP investors’ 

aims to sell the energy of the proposed investment in the Regulated Contracting Environment in which 

distributors acquire energy by auctions regulated by the government. The main characteristic of the 



SHP and its associated costs are presented in Table 1. The expected annual power production and the 

forecast capital expenditures were estimated based on previous studies undertaken by the 

entrepreneur. Other data needed relies mostly on information collected from the company and are 

displayed on Table 1. The Weighted Average Cost of Capital (WACC) considered is equal to 8% 

annually based on [23]. Although the project’s lifetime is expected to be about 50 years, for this type 

of project, the concession is in general only for 30 years. This assumption is considered to calculate 

the energy remuneration during the project’s lifetime. The most part of the project funding (90%) will 

be obtained through companies’ equity. Meanwhile, the remaining financing (10%) is supposed to 

come from a loan of the National Bank for Economic and Social Development (BNDES) at an interest 

rate of 9% per year that should be paid in ten years (amortization period) with a grace period of 2 

years. BNDES is one of the few sources of long-term financing in Brazil. 

Table 1.  Description of the technical and economic characteristics of the SHP. 

Data Values 

Installed capacity (MW) 7 

Expected annual energy production (MWh) 36,792 

Investment costs (millions of R$) 31.5 

Operating & maintenance costs – annual (R$) 35,000 

Variable costs (R$/MWh) 6 

Feed-in tariff (R$/MWh) 178.42 

Discount rate (%) 8 

Remuneration period (years) 30 

Residual value (millions of R$)) 8 

Period of construction (years) 2 

PIS1 (% over the annual gross revenue) 1.65 

COFINS2 (% over the annual gross revenue) 7.60 

Service System Charge (% over the annual gross revenue) 6 

Administrative expenses (% over the annual gross revenue)  0.5 

 

Although the operational expenditures represent a small portion of the total costs, it should be taken 

into account in the investment evaluation. The costs presented in Table 1 comprise technical support, 

administrative charges, maintenance and replacement needs and other service supplies valued 

according to company’s description. 

5.2. Project evaluation using traditional methods  

This subsection aims to present the use of traditional methods to evaluate the project’s investment 

viability. The following indicators are take into consideration: NPV, IRR and Payback and a set of 

key assumptions are considered. Firstly, the feed-in tariff for the traditional analysis was defined 

considering the mean value of historical data available on [24] for Brazilian electricity generation 

auctions between 2005 and 2016. Energy remuneration is assumed to remain constant through the 

project lifetime. The same way, the gross revenue should remain constant, as it is assumed that the 

SHP under evaluation will be a participant of the Energy Reallocation Mechanism (MRE). This latter 

assumption is made considering that the SHP under evaluation will be a participant of the Energy 

Reallocation Mechanism (MRE). This mechanism was created in order to allow the National Electric 

System Operator (ONS) to seek the optimization of hydro resources [25]. Thus, some risks and 

                                                 
1 PIS (in Portuguese, Programa de Integração Social) 
2 COFINS (in Portuguese, Contribuição para Financiamento da Seguridade Social) 



uncertainties related to electricity production for each generating agent which is a participant of this 

compensation mechanism is considerably reduced as the production variations are financially 

compensated amongst the generation agents. Table 2 shows the cash flow projections for each year 

for the project under analysis. 

The results of the project evaluation considering the assumptions previously mentioned are 

summarized in Table 3. Considering the traditional analysis, the investment is recovered in 14 years, 

with a positive NPV of R$ 12.61 million. The IRR is equal to 12.12%, higher than the discount rate 

of 8%. According to literature, it can be stated that considering the indicators obtained, the project 

has economic viability and should be implemented since NPV > 0, IRR > WACC and Payback < n, 

where n represents the number of years considered in the remuneration period. 

Table 2.  Projected cash flow for the project under analysis. 

Variable Values (thousands of R$) 

Gross revenue 6,564 

(-) PIS 108 

(-) COFINS 499 

Net revenue 5,957 

(-) O&M 221 

(-) Service System Charge 394 

(-) Administrative expenses 33 

(-) Depreciation 1,050 

Cash flow before income tax and CSLL3 4,260 

(-) Income tax (IR) and CSLL 1,448 

(+) Depreciation 1,050 

Free cash flow 3,861 

Table 3.  Results obtained using traditional analysis. 

Indicator Values 

NPV (millions of R$) R$ 12.61 

IRR (%) 12.12 

Payback (years) 14 

5.3. Project Evaluation using ROA 

The project evaluation is undertaken in this section considering the ROA. The data provided by the 

traditional evaluation (Section 5.2) are taken into consideration. This paper considers the volatility of 

energy prices as the main source of uncertainty, since other uncertainties as operational costs and 

technological changes does not suffer with high levels of uncertainty regarding this type of 

investments. As previously mentioned, since it is considered that the SHP will be a participant of the 

Energy Reallocation Mechanism the water flows are not taken into consideration as an uncertainty. 

However, if necessary, other sources of uncertainties can be added into the proposed framework. The 

Geometric Brownian Motion (GBM) is used for estimating the volatility of investment returns and 

software @RISK is used for the distribution fitting of data. The energy price uncertainty is modelled 

as a lognormal distribution based on the historical values of energy prices practiced in the auctions 

from 2009 to 2016. 

The descriptive statistics of electricity prices (R$/MWh) of SHP auctions in Brazil from 2009 to 2016 

[24] are presented in Table 4. The mean and the standard deviation estimated is 178.42 and 36.4, 

                                                 
3 CSLL (in Portuguese, Contribuição Social sobre o Lucro Líquido) 



respectively. The following parameters (calculated using equations 2-6, respectively) are considered 

to build the event tree: 1.3987u  , 0.7149d  , 0.4841p  , 0.5159q   and 33.56%  . The risk-

free interest rate considered is equal to 4.5% based on [23]. 

The project’s volatility was obtained through a Monte Carlo simulation with 5,000 interactions using 

as output variable the volatility of the rate of return according to (6). The standard deviation of the 

rate of return estimated is equal to 33.56% (equal to the volatility of project). According to [10] the 

volatility of a project is not the same as the volatility of any input variable. Note, in this case, that the 

standard deviation of energy prices is equal to 20.40%, whereas project volatility is 33.56%. 

Table 4. Descriptive statistics of electricity prices (R$/MWh) of SHP auctions in Brazil [24]. 

  2009 2010 2013 2014 2015 2016 2009-2016 

Minimum 144.00 129.93 120.00 160.90 195.00 147.85 120.00 

Maximum 144.00 154.49 139.20 162.50 207.64 235.00 235.00 

Mean 144.00 146.54 134.52 161.97 204.63 204.69 178.42 

Standard deviation - 8.32 5.00 0.92 3.07 25.37 36.40 

Quantity 1 11 23 3 15 40 93 

 

The event tree gives the value of the underlying asset without flexibility as illustrated in Fig. 5. Fig. 

6 presents the project value event tree with flexibility. Finally, Fig. 7 provides the option decisions 

into the nodes of the tree, coming up to a decision tree, which may be viewed as a collection of options 

on the underlying asset.  

 

0 1 2 3 

R$ 53.58 R$ 74.94 R$ 104.83 R$ 146.64 

 R$ 38.30 R$ 53.58 R$ 74.97 

  R$ 27.38 R$ 38.30 

   R$ 19.57 

Fig. 5. Present value tree without flexibility for the proposed project (millions of R$) 

0 1 2 3 

R$ 21.25 R$ 38.15 R$ 65.67 R$ 105.67 

 R$ 7.28 R$ 15.72 R$ 33.98 

  R$ 0.00 R$ 0.00 

   R$ 0.00 

Fig. 6. Project value of delay with flexibility for the proposed project (millions of R$). 

0 1 2 3 

Delay Delay Delay Participate 
 Participate Delay Participate 
  Do not participate  Do not participate 
   Do not participate 

Fig. 7. Decision tree of the project under evaluation. 

The value of the option to postpone its auction’s participation is approximately R$ 21.25 million, 

which is 68.46% higher than the static NPV (R$ 12.61 million). Using (1), the option value of delay 

can be calculated given by the difference between the expanded NPV and static NPV, resulting in 

approximately R$ 8.63 million. Therefore, using ROA the investor should postpone its participation 

in the SHP auction until more favourable investment conditions appear. Because of the high level of 



uncertainty, the flexibility has added a relevant value to the project. Thus, the extra value of flexibility 

makes the project worthwhile. The value of a real option increases if the underlying project is very 

risky or if there is a long time before the investor is supposed to exercise the option. In this particular 

case, the project is risky because of the high volatility estimated. Moreover, the investor has three 

years before deciding, and then the option to wait is probable to be valuable.  

6. Conclusion 
This paper proposes a new approach in the use of real options as a suitable tool to guide decisions in 

auctions regulated by the Brazilian government in the regulated contracting environment. For 

achieving this objective, the RO theory is considered focusing on the evaluation of investment 

opportunities in a small-scale hydropower project case study. The deferral option can bring relevant 

value to the evaluation of SHP since the investor has the option to wait until more favourable 

conditions appear, e.g., better electricity prices or authorization. Therefore, it can be concluded that 

the application proposed in this paper may be considered as a novel approach regarding the 

application of the RO theory. The deferral option in participating in the auctions can be considered a 

real option for investors and this time flexibility might bring financial advantages since the 

uncertainties are reduced.  

The first stage of the proposed framework evolves the project investment evaluation using a 

deterministic approach based on a discounted cash-flow method. The second stage comprises in 

applying the ROA to a SHP investment project. The new framework proposed in this work offers a 

set of advantages. Firstly, since the investor is analysing the possibility of deferring its auction’s 

participation, the capital expenditure has not yet been made. Therefore, the option to abandon the 

project investment has no economic impact to the investor. Secondly, the framework proposed in this 

paper has great potential to assess future SHP project evaluation and can be adapted to evaluate other 

power options. For instance, since 2009 wind power auctions have been proposed for the Brazilian 

government. Thus, if the real option analysis undertook to evaluate the SHP does not offer the 

advantages expected by the investor, it could apply the analysis considering its participation in a wind 

power auction, for instance.  

The results also indicate that the use of the framework proposed in this paper might impact the 

Brazilian electricity market since it can modify the timing of new investments. Specifically, the 

framework may help an entrepreneur or a company to optimally configure its portfolio for future RE 

project investments in terms of maximizing the value of the portfolio; creating the right mix of 

projects considering priority criteria; and maximizing goal alignment and/or optimizing resources. 

The use of the ROA for guiding the decisions on participating or not in power generation auctions 

may enhance the speculative behaviour of the entrepreneurs, which opens up important avenues for 

further research. 
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