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1. Introduction  

In a project analysis or valuation, the financial analyst should take into account 

the intrinsic risk business to find out how likely the success of this project is, 

given the chosen assumptions in the analysis. But, if in his analyses the 

financial analyst often uses a deterministic approach, how secure is he to say 

that the project results will be successful in the future? Or could he answer what 

are the assumptions that can most impact the outcome that the investor is 

expecting? Probably not! 

However, if the financial analyst uses a different approach in his analyses, for 

instance, using stochastic tools to study the intrinsic risk in the business that he 

is concerned about, perhaps he will be able to answer those questions.     

Through the analysis of the cash flow of a given project – in this paper a wind 

project hypothetically invested will be used – this “different” approach, the Cash 

Flow At Risk – CfaR method, will allow the investor analyst or a company to 

evaluate more efficiently the probability distribution of the return (success) 

established by the deterministic analysis of the project.  

Furthermore, this paper will review the main risk management methods 

established by the market, such as Value at Risk and VaR and CFaR, and 

analyze the results obtained by the application of the CFaR model to the 

hypothetical wind project mentioned.  

During last years, risk management has assumed significant position as a 

priority of businesses concerns, especially in the case of financial firms. 

Moreover, recently, the theme has also become part of the concerns at non-

financial sectors. It has happened due to the fact that companies are dealing 

with more risky environment with volatile economies and indicators, greater 

regulation by governments in countries and economies.  For this reason the 

practice of managing risks has been developing considerably over the years, 

which allows companies less accustomed to instruments of risk management, 

such as non-financial companies, to find tools that identify the risk factors and 

quantify its impacts in their business. 



4 
 

Furthermore, since the first privatization processes has begun, in the mid '90s, 

Brazil has adopted systematically the model of public service concession for 

private and public investments in infrastructure projects, particularly, in power 

generation. 

This kind of concession model is very competitive. Due to this reason, the 

investor needs to be more careful in their risk analyses. Mainly because the 

bids proposed by the Brazilian government requires large investments in the 

short-run and gives a return and payback, quite often, in the long-run.  Thus the 

decision about risk assumptions must be accurate.   

Consequently, in order to set the correct and accurate decision in the Brazilian 

bids, or in any investment, the investor should have, as a concern, addressing 

his efforts on the triad of factors where lies almost all risks: a) Revenue (in the 

paper example, energy available to sale); b) Capex (amount and project details) 

and c) Costs, expenses and taxes (Environmental costs, social costs, OPEX 

and taxes structure).      

Such factors are, routinely, analyzed by studying and modeling a project cash 

flow. If it is possible to find out for each one of those factors an associated risk, 

then, that economic and financial equation must present considerable volatility. 

Therefore, the understanding of such variation or volatility is crucial to the 

decision making of the investor with respect to the economic and financial 

feasibility of a given project. 

The objective of this paper is to give an example of using a risk analysis tool for 

risk management in non-financial companies. This tool, the Cash Flow at Risk – 

CfaR, will be used to evaluate, synthetically, the business risks and, finally, to 

carry out a simulation on a hypothetical wind energy project to analyze its 

outcomes.  

 

The paper justification lies in the fact that is unusual, actually, in Brazil, find out 

non-financial companies using stochastic risk control approaches for measuring 

their projects or investments risks. Especially in the Brazilian Power Sector, 

where, as a rule, high-risk investments and capital-intensive are performed, 

such metrics are seldom used, and due to this fact, to reach an adoption of 
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stochastic risk management tools in these companies and improve the risk 

management in their investments, the financial analysts must face the challenge 

to study, understanding and using such tools as CFaR. 

Throughout the stochastic approach financial analysts will be able to 

understand what the inherent risks of the project are and their behavior. Doing 

this and estimating a safety margin for the project study, the investors can avoid 

huge mistakes and try to maximize their returns. So, they will have better 

conditions to decide where and when allocate their investments, optimizing their 

decisions.    
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2. Risk and Risk Measurement  

Damodaran has defined risk, in a financial approach, thus: “Risk in finance is 

defined in terms of variability of actual returns on an investment around 

an expected return, even when those returns represent positive 

outcomes” (Damodaran, 2008) 

Every economic activity has a risk versus return itself that can be caused by 

one or more risk factors. Knowing the risk-return ratio is a condition without 

which it is not possible to obtain a good performance in a competitive 

environment. Therefore, it is reasonable that the most competitive agent in such 

an environment is one that has better knowledge about the risk factors and also 

the best condition to model them.  

Nowadays, achieve success in run a business, is not possible without know and 

study the risk factors involved in that business. However, it is also impractical to 

study anything that poses a risk to the business. So, due to this reason, 

synthetically, risk management is based on knowing what the risks are actually 

relevant to business and study them enough to be able to model them 

desirably. It means, in order to quantify what is the risks interference in the 

return. Finally, we can find an efficient tool to mitigate them.  

According to La Rocque and Lowenkron:  "it is possible to classify the 

corporate risk as a) business risk (demand, marketing, technological risk), 

b) event risk (legal, reputation, regulatory) and c) financial risks 

(operational, liquidity, credit, market). (Lowenkron, 2004) 

However, the metrics of VaR and CFaR are associated with the financial risk 

measurement in financial and non-financial companies, respectively. 

Historically, we would say that with the evolution the stock markets and investor 

significant losses in sophisticated operations almost “forced” the financial 

industry and its participants try to find out, somewhat, which is an asset 

potential exposure to a certain risk. It happened in both financial and non-

financial companies. 

Although the paper does stick only to financial risks, and it is important to 

introduce them, since they are necessary for the explanation of the concept of 
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Value at Risk – VaR. Thus,the financial risks faced by financial and non-

financial companies are: market risk, credit risk, liquidity risk and operational 

risk. 

Briefly, we would say that the a) Market risk is the risk of financial loss on a 

financial instrument associated with fluctuations in prices and rates prevailing in 

the market; b) Credit risk is the risk of the lender does not receive the principal 

and interest of any loan made, for instance, when there is a transaction 

between two parties, there is always a probability that the lender does not 

receive expected cash flow, this uncertainty is called risk credit; c) Liquidity 

risk is, in practice, the risk of a company or even a person cannot turn into cash 

assets or money owned to deal with obligations or disbursements required; 

Finally, d) Operational risk is directly related to the risk of errors / failures of 

the daily operations of the company. 

Willing to link these concepts with the risks of a real wind farm project, below is 

listed, briefly, some risks normally found in this kind of projects: 

 

Figure 1: General Risks in a Wind Farm Project 
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2.1 Value at Risk  

Financial institutions operate their positions betting on the behavior of a variety 

of economic variables. This whole financial market dynamics greatly motivated 

several studies on risk that eventually culminated in the creation of value at risk, 

reported as risk measurement in 1994 by JP Morgan tool. 

According to Jorion: "Value at Risk - VaR summarizes the worst expected loss 

greater or within a certain period of time and confidence". (Jorion, 1997) 

The time period used is one that normally would take to dispose of a certain 

financial position and the confidence interval represents the maximum 

percentage of events that overcome the value to a risk that correspond to the 

confidence interval chosen.  

To understand how the VaR is estimated, it is necessary to know the process of 

four steps used in its calculation: i) Determine the time horizon over which it is 

required to estimate the potential loss; ii) Select the required degree of certainty 

that is, the confidence interval for the estimate; iii) Create a probability 

distribution for the desired instrument or portfolio returns under consideration; 4- 

Finally, to read the solution, the estimated VaR. So that the end of the process 

the VaR is able to translate the financial risk of any investment in a single 

language or pattern: The potential loss.  

The implementation of VaR is no longer as simple and easy as the concept, as 

there are some ways to get the expected potential loss of an asset at a certain 

period of time, given a confidence interval. The three most commonly used 

methods for calculating VaR are: Historical, Parametric and Monte Carlo 

simulation. Each has its peculiarity and are more or less indicated according to 

the assets at risk that are being analyzed. 

However, as the aim of this paper is not explore the VaR conceptually, we will 

not abide to these methods and therefore we will not detail them. 
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2.2 Cash Flow at Risk  

According Nunes (apud Samanez, 2006) cash flow "summarizes inputs and 

actual outputs of money over time, allowing to know the profitability and 

economic viability of the project. Thus, the cash flows represent the economic 

rent generated by the project over its useful life. " (Nunes, 2009) 

The measurement of a cash flow can be used for many reasons. Among then, 

we can evaluate the state or performance of a company or project, also to 

determine liquidity problems of a company or project, to find out return rates of 

investment, project or companies, whenever the accounting results cannot 

represent the economic reality of business, company or project analyzed.  

In summary, any cash flow is able to show the operating, investment and 

financing activities of a company or project. If these activities are not balanced 

on the point of time from a financial standpoint, there is a risk of investments 

being postponed, growth of operations being jeopardized and even at risk of 

bankruptcy. Finally, the cash flow is also used for analysis of liquidity and 

profitability and is widely used, as will be shown later, to determine the value of 

investment in a project or a company - Investment Valuation. 

Taking all was mentioned above it is possible to understand the significance of 

cash flow and its applications, then it’s become clear the reasons why cash flow 

is one of the most important metrics to be analyzed in corporate risk 

management.  

Therefore, to address the company's need to quantify the impact of risk factors 

on cash flow, Corporate Metrics defines the Following measures of cash flow 

volatility as the "Cash-Flow-at-Risk (CFaR): The maximum shortfall of net cash 

generated, relative to the specific target, That could be experienced due to the 

impact of market risk on a specified set of exposures, for the specified reporting 

period and confidence level." (Lee, 1999). 

In this definition we note that CFaR is defined as a relative risk measure, with 

risk being measured relatively to a target level of cash flow. A target level for 

future cash flow can be estimating by first constructing a pro forma statement of 

cash flows (or a determistic cash flows, a procedure which companies using in 
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their planning process and often for investment valuation). With a cash flow 

forecast model in place, a target level of cash flow can be calculated by 

applying budget rates, spot rates, forward rates, or whatever market rates and 

prices are deemed appropriate by a company, to the anticipated operating, 

investing, and financing activities for the period. 

 

2.2.1 Risk Exposure Mapping and Scenario Generation 

The risk exposure mapping is the next step once the risk measure - CFaR - was 

chosen. This process of risk exposure mapping can be defined as the process 

of identifying how fluctuations in costs and prices (i.e. the risk factors or random 

variables) affect the aftermath of a given project. 

The mapping process is unique to each situation analyzed. The relationships 

between the variables and the financial results can take several forms, for this 

reason, several models can be applied, from the most basic and linear model to 

the most and complex econometric models.  

When analyzing exposure to multiple risk factors, it is common to combine 

various mappings into a single. The financial statements, for example, are good 

ways to create maps of risk exposure that can make clear perception of how 

different inputs affect the projected outcome. However, with all of this 

information available, the challenge for the analyst is build a cash flow forecast 

as precisely as possible. To do that, the analyst need to realize how much this 

precision can be costly in terms of complexity (regression analysis, econometric 

models) and time spent (many historical data to be analyzed). Therefore, the 

analyst also should keep in mind if an extremely reliable and accurate model is 

his best choice comparing with all of burden generated by the great time spent 

in analyzing the data and designing the complex model.   

After the risk exposure mapping, build scenarios for the random variables 

mapping is needed. This process is very important because it is what enables 

the analyst to know the frequency distribution associated with a result 

considered for the project analyzed. 
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In order to generate scenarios, is necessary to specify the probability 

distributions of each of the random variables at different time horizons and, from 

there, to carry out sampling for each distribution, so that each simulated 

scenario is a trajectory over the time for one or more random variables, leaving 

the analyst to choose the one that suits better for the analysis in question.  

Nowadays, in the literature there is no consensus on the best method for 

determining the probability distributions for each of the random variables. The 

interesting thing is that the analyst himself knows the variable under 

consideration or he would be supported by some expert in this type of 

information, which enables the best treatment to the dataset that is available for 

the determination of the probability distribution of a given random variable. 

 

2.2.1 Risk Measuring and Risk Assessment 

The risk assessment is simply the evaluation of financial tool to create a 

distribution of financial results from the exposure maps and the various market 

rates scenarios. 

Risk measurement refers to the calculation of risk measures – CFAR in this 

case - of distributions of financial results, with both related and linked to the 

processes previously shown.  

In the risk assessment process, the idea is to redo the calculation of financial 

results or any of its components, whether profit or cash flow, as a function of the 

process of exposure mapping for each of the scenarios designed for the 

purpose of projecting financial results. Thus through the knowledge of several 

possible values for the metric (i.e. cash flow) to be analyzed, generated through 

various scenarios, it is possible to generate a probability distribution of this 

chosen metric.  
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Figure 2 below illustrates a hypothetical situation of a distribution of discounted 

cash flows. From there the analyst will take all the necessary information to do 

his analysis.  

 

   Figure 2: A sample of a discounted cash flows distribution 

 

 

                             Source: Software Risk Simulator 
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3. Investment Valuation 

The presentation of some methods of investment evaluation aims to legitimize 

the choice of the discounted cash flow as the best choice to value an 

investment. Generally, the construction of wind farms follows the pattern of the 

current power sector from the country in which a project is built. However, it 

appears clearly that each country has a specific model for its electricity sector 

that meets their needs and peculiarities. However, usually, infrastructure 

projects, including in power sector, has common features such as intensive 

capital investments, long-term maturity, reasonable level of intrinsic business 

risk, and at least some level of regulation. (Lee, 1999) 

According to Gitman: "Once the long-term investments represent 

significant disbursements of equity that require the company to follow a 

certain course of action, some procedures are needed to analyze and 

select them properly" (Gitman, 1997). As selection and decision procedure, 

Gitman defines the capital budget, as "the process of evaluating and 

selecting long-term investments that are consistent with the company's 

objective of maximizing the wealth of their owners." (Gitman, 1997). Also 

according Gitman: “the evaluation process of the capital budget has five 

steps: a) Generation of Proposals, b) Evaluation and Analysis, c) Decision 

Making, d) Implementation e) Monitoring” (Gitman, 1997). In this paper, only 

efforts in evaluating and analyzing step will be focused.  

Finally, The Gitman understanding on investment evaluation is: "Evaluation is 

the process that links risk and return to determine the value of an investment / 

asset. It is a relatively simple process that can be applied to determine the value 

of an asset at a given moment in time (Gitman, 1997)”. However, other 

alternatives for determining the value of an asset or investment exist and may 

be widely used. Its because, the financial analysts have found in their routine a 

range of options other than the evaluation to try to measure or determine the 

value of an asset or investment, such as the performance measures of an asset 

that can be measured by profit margin, return on invested capital the economic 

value added among others. 
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Besides these alternatives described above, other basic methodologies that are 

fairly widespread in the market besides the NPV for asset valuation, which will 

also be presented here. They are: PB - Payback, PBD - Discounted Payback 

and IRR - Internal Rate of Return. 

 

3.1 PB – Pay Back 

According to Ross et al: "One of the most popular alternatives to the NPV 

criterion is the payback period." (Ross, 2002). This methodology indicates the 

number of periods (months and years, for example) that will be needed to 

recover the investment originally made in a project. Thus, the best project will 

be the one that have the shorter payback period calculated as: 

 

Payback Period = Cost of Project / Annual Cash Inflows 

 

Also according ROSS et al: "The payback period criterion in making investment 

decisions on projects is simple" (Ross, 2002). However, we can figure out some 

problems in this methodology. Among the problems we would say that the 

major is to ignore the distribution of project cash flows, as noted by GITMAN: "It 

is an unsophisticated capital budgeting technique, since it does not explicitly 

consider the value of money over time" (Gitman, 1997). 

  

 Table 1: Payback Periods for Projects A, B and C: 
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Hypothetically, if a company would consider all projects with PB under 5 years 

as good projects, all three projects listed above would be accepted. However, if 

that same company rather would consider the smaller PB as the only choice, 

the best from this point of view will be Project A. 

 

3.2 DPB – Discounted Pay Back 

The method of discounted payback is a variation of the previous methodology. 

According to Ross et al: "... This approach initially discounted the cash flows. 

Then we wonder how long it takes for that discounted cash flows are equal to 

the initial investment " (Ross, 2002). Basically, a discounted payback period 

gives the number of years it takes to break even from undertaking the initial 

expenditure. Future cash flows are considered are discounted to time "zero." 

This procedure is similar to a payback period; however, the payback period only 

measure how long it takes for the initial cash outflow to be paid back, ignoring 

the time value of money. 

At first glance, the focus of the discounted payback period seems to be a good 

alternative for evaluating projects, however, a more careful examination of the 

methodology reveals that this alternative has the same basic deficiencies that 

the previous, as well as the same benefits, except the fact that, the fact that the 

discounted payback period considers the time value of the money. 

Below is an example of applying the methodology of "DPB" in the evaluation of 

projects with the same three projects (A, B and C): 

           Table 2: Discounted Payback Periods for Projects A, B and C: 
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Once again, hypothetically, if the same company quoted above, consider all 

projects with attractive PBD under 5, all three projects listed above would also 

be accepted. However, if that same company rather would consider again the 

smaller DPB as the only choice, the best from this point of view is still the 

Project A. 

 

3.3 IRR – Internal Rate of Return 

The methodology of the IRR is a very widespread technique in the market for 

investment appraisal. It is an indicator widely accepted and one of the most 

used as decision parameter.  

Gitman defines the IRR as: "... the discount rate that equates the present value 

of cash flows to the initial investment value referring to a project. The IRR, in 

other words, is the discount rate that makes the NPV of an investment into zero" 

(Gitman, 1997). Below a figure that represents the statement about the concept 

of IRR: 

  Figure 3: Internal Rate of Return: 

 

 

ROSS et al also note that: "the basic rationale behind the IRR is that it seeks a 

single figure to synthesize the merits of a project. This figure is independent of 

what happens in the capital market. That is why it is called internal rate of 
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return; the figure is internal or intrinsic to the project, depending only on its cash 

flows " (Ross, 2002). 

Thus, based on which was presented, the application of IRR in the evaluation of 

projects or investment opportunities becomes simple. If a company come 

across an investment opportunity where its IRR is equal to 15%, the company 

should accept or reject (it means that in this situation the project or the 

investment will be indifferent for the investor) the project if the hurdle rate or the 

risk that firm for the project is equal or below to the IRR, i.e., 15%. On the other 

hand, if the hurdle rate is greater than the IRR, for example 20%, it will be 

rejected, and finally, if the hurdle rate is less than the IRR, e.g. 10%, it will be 

accepted.  

Finally, it must be said that there are some problems in the application of the 

IRR approach to project or investment evaluation. For example, when a cash 

flow is not standard, have more than one signal inversion, there may be more 

than one or multiple IRR, for example, IRRs 10% and 20%. As can be found in 

Ross et al: "In a case like this, use the IRR does not make sense. Which IRR 

must be used, 10% or 20%? Since there is no good reason to choose one or 

another, the IRR simply cannot be used” (Ross, 2002). Furthermore, the 

application of the IRR approach for two mutually exclusive projects together has 

some nuances that must be observed. Well, not always the project with the 

highest IRR has the higher value or higher NPV. For instance, when there are 

two mutually exclusive investment opportunities, once again according to Ross 

et al: "opportunity 1 - You receive $ 10 now and returns is $ 11 an hour later 

and opportunity 2 - You receive $ 1 and returns up $ 1.5 one hours later, in 

which one would be most appropriate to invest?" (Ross, 2002). 

Based on the value of IRR any investor would choose the opportunity 2 since its 

value IRR (50%) is higher than the RIR opportunity 2 (10%). However, when 

one observes the generation of wealth or opportunity NPV of one ($ 1), it 

appears that the same is greater than the wealth creation opportunity of 2 ($ 

0.5), making this choice is the best between the two opportunities.  

To explain the previous paragraph we must say that the problem of IRR is lied 

on its inability to take in consideration the differences in scale. Although the 
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opportunity 1 has higher IRR, the total investment is much lower. In other 

words, the high percentage of profitability in first opportunity is more than offset 

by the ability to, at least, get a reasonable return on a much larger investment 

opportunity in the second. 

 

3.4 NPV – Net Present Value 

As shown by Gitman: "Considering the time value of money, net present value 

is considered a sophisticated analysis technique of capital budgeting. This type 

of technique in one way or another, discounts the cash flows of a project 

(business or investment) at a specified rate. This rate, often called the discount 

rate, opportunity cost or cost of capital, refers to the minimum return that must 

be achieved by a project, business or investment ... " (Gitman, 1997).  

The NPV can be obtained by separating the initial investment from the present 

value of the project cash flows, discounted at a rate equal to the capital cost of 

the project / company, as exemplified in the following equation: 

 

𝑁𝑃𝑉 = ∑
𝐶𝐹𝑡

(1 + 𝑖)𝑡
− 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑛

𝑡=1

 

Where: 

CF = is the net cash flow expected to be generated each period; 

t = is the tie of the cash flow; 

I = is the required rate of return per period or hurdle rate or cost of capital; 

n = are the number of periods during which the project is expected to operate and generate 

cash flows. 

 

About the advantages that the NPV method relative to other methods, in ROSS 

et al we can see that the advantages make the method of higher NPV rely on 

three attributes: “1-The NPV uses cash flows (the cash flows represent wealth 
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generation by the company or project, as opposed to accounting profits), 2- the 

NPV uses all the cash flows from the project (other approaches ignore flows 

beyond a certain date) and 3- the NPV discounts the cash flows correctly (since 

it considers the time value of money)” (Ross, 2002). 

For this paper, it is believed that the NPV method is the best method for 

evaluating projects / investment, for this reason it will be the dependent variable 

being sought in the CFaR exercise. However, we tried to show above some 

alternative methods, which are still widely used, to prove that the NPV is really 

the most appropriate method to be used in our project analyses. 
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4. Brazilian Power Sector and Wind plants Bid 

This chapter is written in order to give an idea of the Brazilian Power Sector – 

BPS - structure and how most wind plants are inserted in this structure by 

government bids. Other business models for wind plants may also exist (e.g. 

merchant plants) but they are much less common at least for the time being. 

 

4.1 Structure of Brazilian Power Sector 

The BPS is characterized as a system composed primarily of four segments, 

Generation, Transmission, Distribution and Energy Marketing. They act in a 

complementary manner by providing conditions for the operation of the entire 

system. Another relevant feature of the BPS is the coexistence of two systems 

of marketing – Ambiente de Contratação Livre (ACL) or Free Market and 

Ambiente de Contratação Regulada  (ACR) or regulated market. The free 

market led to new agents who work in the industry actually: energy marketers, 

special and free consumers (who can freely negotiate the price and terms of the 

supply contract). 

The BPS presents as major entities that operate and regulate the sector itself 

the institutions below:   

 CNPE - Conselho Nacional de Política Energética: responsible for approval 

of energy policy, in conjunction with other public policies; 

 MME – Responsible for formulating and implementing policies for the 

energy sector, according to the guidelines of CNPE; 

 EPE – Responsible for the execution of studies to define the energy 

matrix and planning of the electric power sector (G and T only); 

 CMSE – Comitê de Monitoramento do Setor Elétrico – Responsible for 

monitoring the conditions of service and recommending preventive 

measures to ensure security of energy supply; 

 ANEEL – Agência Nacional de Energia Elétrica – Responsible for the 

regulation and supervision of all agents, ensuring the quality of services, 
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and the establishment of tariffs for all consumers, also works to 

preserving the economic and financial feasibility of the agents; 

 ONS – Operador Nacional do Sistema: Responsible for the coordination 

and control of the operation of power generation and transmission in the 

interconnected power system;  

 CCEE – Câmara de Comercialização de Energia Elétrica: Responsible for 

the administration and accounting of contracts, settlement of short-term 

market, in addition to energy auctions. 

 

             Figure 4: Brazilian Power Sector Organization Chart: 

 

 

Source: Operador Nacional do Sistema – ONS 

 

 

4.2 Recent History and Changes 

The BPS began to be restructured from the mid-1990s and even today 

continues to evolve, a fact that is evident by the series of reforms that followed 

from the initial milestone with the publication of Law No. 8,631 / 93, to the 

present year 2014 with the enactment of Provisional Measure 579/2012 which 

later became Law 12783/2013. All these reforms aim to establish and 

consolidate the model began to be proposed in 1993.  
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The current model was developed with the goal of promoting affordable tariffs, 

reliable and secure energy supply, and the search for regulatory stability and 

promotion social inclusion through universal provision. These goals were 

intended to create the necessary conditions for attracting private capital for 

expansion of the sector, in contrast to the previous model, underpinned almost 

exclusively on public investment. It is noteworthy that there were two major 

regulatory milestones, the first in 1995 and second in 2004. 

The former model, that was establish from the 1950s until 1995, was based on 

federal funding, which captured its resources externally via external debt in the 

financial market, with multilateral funding external bodies, besides self-funding 

through tariff adjustment. In this model all segments were government-owned, 

state-level the distribution companies and generation companies at the federal 

level, being the holding of the system, the Eletrobrás S.A. In that model, 

Eletrobrás was responsible for planning, financing and operation of the 

electrical system. The restructuring of the current model at the time was 

pressing, given the budget constraints of governments at state and federal 

levels that restrict their ability to invest.  

Economic conditions of the mid-1990s were an urgent need for investment in 

the sector: due to heating of the economy caused by the Real Plan and the 

consequent increase in demand for energy in this period. Coupled with the 

depletion of generation capacity of existing plants and especially the needed 

capacity expansion and investments to maintain the system and ensure its 

reliability. 

In 2004 the Law 10.848 and Decree 5.163, provided the legal framework for the 

implementation of the so new framework, which from the foregoing principles, 

sought to attract investment for expansion in order to reduce the risk of supply 

and system reliability without sacrificing low tariffs and resuming the strategic 

long-term planning. Both mentioned law and decree also created the EPE - 

Empresa de Pesquisa Energética and CMSE – Comitê de Monitoramento do 

Setor Elétrico, and these institutions would help the MME – Ministério de Minas 

e Energia to exercise its function of sectorial planner. 
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The 2004 legal framework would be operationalized through long-term contracts 

through public auction/bid, providing the market with stable long-term earnings 

that would mitigate the risk of market entrepreneurs. Another factor of stability 

auction was made possible by the ability to raise financing in the form of Project 

Finance, consequently the predictability of positive cash flows in a long-term 

horizon. Public banks as Banco Nacional do Desenvolvimento Econômico e 

Social - BNDES would provide credit lines that could be used in this type of 

funding.  

Moreover, the return of long-term planning was critical to the success of the 

new model, this role recovered by MME to resume the function of planning the 

expansion of energy supply, adjusting it to the demand. Distribution companies 

should design their demand based on such projection, buy energy in the 

auctions/bids 100% based the total informed. And on the supply side, 

generation companies should present their respective amounts of assured 

energy to supply the quantity sold at auction/bids. This model is meant to 

reduce the risk of oversupply or undersupply. The total demand from distribution 

companies should be operated in ACR - Regulated Contracting Environment, 

based on reverse auctions lowest price. ACL - Free Market would be 

responsible for the care of traders and free consumers and special consumers. 

 

4.3 Wind Farm Auctions in Brazil 

As mentioned above, there are two environments in the BPS to buy and sell 

energy, the so-called ACR and the so-called ACL. In the ACR the expansion of 

the generation is done through competitive bidding for lowest tariff, passed 

through the distributor’s tariffs and, based on their demand forecasts. This 

Power Purchase Agreement - PPA is named CCEAR (Contrato de 

Comercialização de Energia no Ambiente Regulado).  

 

Regarding the ACR, we must say that the Decree 5.163, established in 2004, 

also set forth that the source of the energy necessary to meet the supply needs 

should come from auctions, and in these auctions are allowed to participated 
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brown and green field projects. It is also appropriated to mention that the new 

energy auctions are designed to meet the demands of distributors are 

previously declared, and generally, those projects have not started their 

construction phase yet (in the green field projects cases).  

 

Then, those auctions are called "A-5" and "A-3", it means that the projects bid in 

A-3 or A-5 auctions must be ready to operate and delivery energy up to three or 

five years, respectively, from the date of the closing date of the deal or, 

hypothetically, from the date of the auction. Still according to the Decree 5.163, 

the (CCEAR) may have the following forms: quantity of energy and availability 

of electricity. 

 

In the ACR, the PPA can also be made directly with the CCEE, made with the 

purpose of providing security to the system through the auction reserve energy, 

in this case, the PPA is called CER (Contrato de Energia de Reserva);  

 

In the ACL the expansion of the generation is done simply through bilateral 

contracts freely negotiated by the counterparts.  

 

With regard to the auctions of wind farms in Brazil, following we will make a 

brief historical summary and explanation of existing bidding models. 

 

The first wind power project constructed, in order to be connected to the grid in 

2004, was contracted by PROINFA1. It was a government program that offered 

fixed prices (a kind of feed-in-tariff) for all energy generated and no penalty in 

terms of deviations occurred between the contracted amount and the real 

generation. 

  

After the wind farms contracted by PROINFA, some unsuccessful attempts by 

the government to bid wind farms together with other projects based on different 

renewable sources (based on lower prices) in the same auction, the 

                                                           
1 The Programa de Incentivo às Fontes Alternativas de Energia Elétrica (Proinfa) as described in 

Decree No. 5025, 2004 was established with the objective of increasing the share of electric power 
produced by projects based on renewable sources like wind, biomass and small hydro in the National 
Interconnected System (SIN). Source: http://www.mme.gov.br/programas/proinfa 
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Government itself did revise its strategy for wind projects. At that time the wind 

source was unable, due to high prices, to compete with the projects from 

biomass and small hydropower, for instance. Therefore no wind farm was 

commissioned in Alternative Sources Auction in June 2007 and Reserve Energy 

Auction August 2008.   

 

From this period on, the MME chose to conduct a specific auction for the wind 

industry in 2009 in the Reserve Energy Auction (2nd LER – Leilão de Energia 

de Reserva) and since then the format of the auctions for wind power has been 

successful following the model of LER, LFA (Leilão de Fontes Alternativas) and 

LEN  (Leilão de Energia Nova) Auctions. Below is a table showing all auctions 

made in Brazil for wind projects from 2009 to 2014 and some data about it: 

 

 

       Table 3: Brazilian Auctions for Wind Farm Projects – 2009 / 2014 
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5. ABC Wind Farm Project 

In this chapter a case study of a wind farm – The ABC Wind Farm - project will 

be presented. Beyond that, an analysis of its deterministic cash flow will take 

place, and its results.  

The location for ABC Wind Farm will be northeastern region in Brazil, in Rio 

Grande do Norte State, one of the best wind regions in Brazil and where we 

gathered some wind data from auction and plants already in operation from this 

location. 

 Figure 5: Wind Farm ABC Location: 

 

                           Source: CEPEL\CRESESB 

 

Due to the reason that in this paper we are not interested in technical issues, 

the project will be presented synthetically, it means, just presenting the group of 

information that we need to analyze the project from a financial perspective.  

This project will be invested as a project finance structure. As defined by 

Borges: “Project finance is a form of engineering / financial collaboration 

contractually sustained by the cash flow of a project, serving as collateral to that 

all assets and receivables values over time for that project. “ (Borges, 2002)   

In the case of transactions within the modality of project finance (like in this 

study) the focus of the borrower credit area analysis is not only the guarantor, 
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but also the enterprise itself. It happens because during the implementation 

period of the wind farm  (pre-operational phase), the great responsible of the 

warranty is the corporate guarantee of special purpose company (SPC) - SPC 

sponsors, which, normally in Brazilian financing rules – basically designed by 

BNDES - can be supplemented or replaced by bank guarantee contracted by 

the SPE sponsors, as well as a possible equity support agreement signed by 

the sponsors too.  

However, when the project proves to be able to carry on your duties by itself, it 

means that the project can guarantee payment of its debt service, the financing 

bank attests to completion of the project and the bail is cancelled. Thus, in the 

Wind Farm ABC, we will assume, for simplicity that the SPE sponsors are the 

solid companies A, B and C. All of them with maximum investment grade rating. 

Due to this fact the guarantee structure built seems good enough to the 

financing bank - BNDES.  

The key data about the ABC Wind Farm project can be found on the table 

below and is detailed item-by-item immediately after the table: 

  Table 4: Wind Farm ABC Project Data 
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5.1 Project data 

For the ABC Wind Farm the necessary investments for its implementation are 

below on the table that is summarizing the value of CAPEX: 

 Table 5: Wind Farm ABC Project CAPEX  

 

Loan: In much of the analysis of financing for wind farms, the 

Engineering, Procurement and Construction - EPC Company that will be 

responsible for implementing the project is already defined. So its EPC 

contract is generally signed before financing is approved. Thus, the 

project investments have already been negotiated with the EPC 

contractor and because of that the prediction of project spending is 

already relatively reliable, especially in cases where the hiring was done 

in the form of a fixed price contract – Lump Sum Turnkey Contract  

Additionally, the standard of Project Finance also provides that the 

Operation and Maintenance contract for a project is supposed to be 

already signed, so the OPEX also already pre-defined, allowed a 

financial projection closer than it will be held in reality.  

Furthermore, the loan assumptions for the ABC Wind Farm will be taken 

directly by BNDES. So, it means that the project will be exclusively 

financed by BNDES. In the case of direct operations like this operation 

concerns, the total interest rate of financing is composed of 3 parts, 

namely: a) Financial cost (Taxa de Juros de Longo Prazo - TJLP (TJLP, 

established by the National Monetary Council - CMN; b) BNDES 

commission (1.0% per annum); c) Credit risk (up to 4.18% per annum, as 

the credit risk of the customer), calculated by the credit department of 

BNDES. 
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As mentioned, the Wind Farm ABC SPE sponsors are the companies A, 

B and C, all of them BBB- investment grade rating (medium risk) and it 

means that BNDES, hypothetically, will charge a 3,5% risk spread. So, 

as the current TJLP is 5% per annum, the total loan cost for the project 

will be 5% + 1% + 3,5%% = 9,5% per annum in nominal terms and 

4,785% per annum in real terms, as the inflation target that the Brazilian 

Central Bank pursue is 4,5%.  

Concerning the repayment period, BNDES gives a maximum 16 years 

term. The interest may be capitalized during the grace period, and it will 

be up to six months after the entry of the project into commercial 

operation. The Constant Amortization System (SAC) will be adopted, and 

the maximum participation of BNDES loan in the capital structure of the 

ABC Wind Farm, will be 70% or BRL 126.000.000.  

Project Schedule and Concession Period: The concession period in 

Brazil for wind energy plants is usually about 240 months or 20 years 

maturity, starting about 24 months later than the PPA closing date.   The 

deadline for the implementation of a wind farm depends on its size. It can 

take, normally, between 12 and 24 months. Nevertheless, for the ABC 

Wind Farm the schedule will have a 24 months period.  

It is important to say that there are many factors that can delay the 

project schedule, among these factors can be highlighted: the land issue 

and the relationship with local communities; weather conditions during 

deployment; and the quality and availability of civil works contractors and 

suppliers of wind turbines.  

Finally, the SPE responsible for the project should be aware of all the 

variables that can affect the project and try to check whether there is a 

significant likelihood of delays in the implementation of the wind farm. If 

there is, this probability must be measured, as expected for calculating 

the potential penalty arising from a possible postponement of the start of 

commercial operation of the wind farm, especially in the case of 

electricity sold under the Power Purchased Agreement delay, where, in 
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addition to fines, revisions may occur in the amount of energy delivered 

and therefore to be sold in the long term of the contract.  

Power Purchase Agreement: To calculate the amount of energy to be 

generated by the project, it is important to require the winds study from 

the wind farm to be analyzed. Therefore, in this study we supposed to 

analyze or require winds study from Rio Grande do Norte State, because 

it is the chosen location for ABC wind farm. However, to guarantee 

credibility in the analysis, it is important that the winds study had been 

certified by an organization of international reputation. It will not happen 

in this study. However, despite this issue not to be part of the study 

scope, for reasons of simplification we will assume public wind energy 

generation data, published by the Câmara de Comercialização do Setor 

Elétrico - CCEE.  

Nevertheless, in the studies mentioned in the previous paragraph, winds 

likely to provide minimum power generation, among which we highlight 

the P90 (90% probability of generating at least the estimated energy) and 

P50 likely (50% probability of generating at minimum estimated energy).  

It is very important mentioning that because as the capacity factor is the 

most critical variable in the estimation of the revenue line in de financial 

model, in parallel to the contracted price of energy. Then, now the 

investor or the financial analyst have one more risk variable to deal with, 

that, in the case of this study will be used a non-conservative (from public 

source as mentioned) data parameter P50, instead of P90 that would be 

better or less risky. The reason to this is that we are using data from old 

bid, and from 2009 until 2012 the Brazilian government used to accept 

P50 in the agents analyses for wind farm bids, and it was accepted by 

BNDES in loan requirements. As far as the plants were not able to 

produce as the agents planned, the government and BNDES begun to 

require P90 in 2013.  

Then, the capacity factor for ABC Wind Farm will be 47.33% that 

represents an average from those capacity factors values found in all 

wind farm project auctioned between 2009 and 2012 in Brazil. 
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Concerning the installed capacity for the ABC Wind Farm, it will be 45 

MW, which is powered by 30 wind turbines of 1.5 MW of power. 

For the Price we will different approach. To be optimistic the price for 

ABC Wind Farm will be BRL 153.07 MWh that represents the maximum 

price found in all wind farm project auctioned between 2009 and 2012. 

Concerning the PPA period, the contract will cover all the concession 

period, it means 20 years term. 

Regarding the structure of the PPA, we are assuming that this case will 

be a CER contract that was practiced until 2012. Then, in our 

assumptions we are simulating a sort of a LER auction project.  

By this reason we must say that the characteristics of this PPA are as 

following:  

The CER is celebrated with the CCEE in the modality of “quantity of 

energy”, whose calculation is through the Energy Account, which is the 

accumulated balance annually, every 12 months, resulting from the 

difference between the power generated and the energy contracted, 

obeying a range of tolerance of 10% below and 30% above the 

contracted energy. The detail of this contract and its rules is explained as 

follows:   

 Use any surplus energy to be sold under the ACL is prohibited. 

 

 There are revisions every four years for the quantity of energy:  

  

i) When power generation is below the amount of energy 

contracted during the first four years, there will be a single 

requalification for the contracted energy. From that point on the 

energy contracted will be at the verified lower level.  

ii) When power generation is above the contracted amount of 

energy, there will be no requalification up and contracted 

energy will remain at the same level originally established. 
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iii) Regarding the quadrennial review of energy generation, 

positive or negative quadrennial balance must be: a) paid at the 

contract price, b) or passed on to the next quadrennial. 

 

 There are also annual reviews for the quantity of energy: 

 

i) If generation of energy in a year is between 90% and 130% of 

the quantity contracted, the surplus or shortfall will be 

reassigned for the coming year.  

ii) The negative balance or deficit will be penalized 115% of the 

contract price, and the entrepreneur must pay the energy due 

within 12 months. 

iii) The positive balance or surplus will be settled at 70% of 

contracted price and the seller will have extra revenue, however 

this extra revenue will be received within 12 months. 

 

 If there is early entry into commercial operation, the energy sold 

before the original deadline for entry into commercial operation will be 

paid at the contract price. 

 

The reason to apply this sort of mechanism of bands for the 

generation deviations is to soften the intrinsic volatility of the winds 

behavior and consequently heding the volatility of the revenues. Thus, 

any generation shortfalls in a given year are not settled immediately 

and can be offset against any excess in the coming years.  

 

Another benefit in this PPA is the plan to purchase energy for those 

who anticipate the delivery of energy at the price of 100% of the 

contract value and not at the spot price, which varies depending on 

the supply and demand of energy in the spot market. 

 

Taxes: For the ABC Wind Farm will be used a tax regime that has the 

tax and tax rates listed below: 
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a) Prog. de Integração Social - PIS: 0.65%; 

b) Contribuição Fin. da Seg. Social - COFINS: 3.00%; 

c) Imposto de Renda - IR: 25% 

d) Contrib. Social Sobre Lucro Líquido - CSLL: 9% 

 

The taxes above have a different tax basis calculation. For PIS and 

COFINS, the basis of calculation is Operational Revenue. Regarding 

the IR and CSLL, the rates are considered 25.00% and 9.00%, 

respectively. But in the case of accounting based on estimated profits 

(a special tax regime in Brazil), we will assume for ABC Wind Farm 

study, we have to calculate de basis that is given, respectively, by. 

8.00% X Operational Revenue and 12.00% X Operational Revenue. 

Grid System Operation Fee: The charge of transmission called taxa 

Operador Nacional do Sistema refers to the reimbursement of part of 

the costs of administration and operation of the ONS (entity 

responsible for the operation and coordination of the national grid in 

Brazil) by all companies for generation, transmission and distribution 

as well as the large consumers (free consumers) connected to the 

national grid system. 

TUSD: The “Tarifa para Uso do Sistema de Distribuição” or The 

Distribution Facilities User Fee is the price paid by those who use the 

electric network of dealerships owned distribution companies. The 

price is regulated by ANEEL through Tarifa de Uso dos Sistemas 

Elétricos de Distribuição - TUSD. In this case study, we considered a 

value, as of TUSD, the rate of BRL 2.781 per kW.month as settled by 

ANEEL for 2013-2014 term. 

TFSEE: Taxa de Fiscalização de Serviços de Energia Elétrica - 

TFSEE or Power services supervision fee was established by Law 

number 9.427/1996 in order to constitute the revenue of the National 

Electric Energy Agency - ANEEL to cover its administrative and 

operating expenses. Nowadays, TFSEE is settled in 0.4% of 

economic value added by the entrepreneur, permission or 

http://pt.wikipedia.org/wiki/TUSD
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authorization, including in the case of production independent and 

self-production, the operation of services and facilities of electricity.  

CCEE fee: This is the fee that a entrepreneur should pay for the 

broker administration costs.  CCEE – Câmara de Comercialização de 

Energia Elétrica, the broker, receives 0.07 BRL/MWh dealed.  

O&M: Regarding the negotiated value often figures include staggered 

contracts to be paid for this service. This occurs because the vast 

majority of wind farm projects present their limited leverage in terms 

of coverage ratio of debt service – DSCR, which is often critical 

(minimum) in the first year of commercial operation of the plant, the 

time which the outstanding balance was not significantly amortized. 

Thus, in seeking to maximize share of debt in the capital structure of 

the company, thereby maximizing SPE IRR, in the specific case of 

the ABC wind farm analyzed, the O & M cost assumptions were given 

on table 4. 

Cost of Capital: According to the principles of financial 

management, the cost of capital weighed average between the cost 

of equity and the cost of debt. Thus, it is possible to calculate the 

Weighted Average Cost of Capital to be used as the hurdle/discount 

rate for the project cash flows. However, as this paper we will analyze 

the free cash flow to equity, we suppose to calculate the cost of 

equity. Nevertheless as the objective of this paper is not to calculate 

the WACC or the cost of equity, since this cost is used as an 

assumption to the model, this variable will be chosen from the 

market. Then, as a proxy for this variable we will use the real interest 

rate of the Brazilian bonds market. It means, a risk free real interest 

rate, specifically the National Treasury Notes series B for 10 years - 

NTN-B 10 years tenor.   

Accordingly with information found on the Brazilian Treasury 

(Secretaria do Tesouro Nacional do Ministério da Fazenda – 

STN/MF) the average for this rate from the 2008 to 2012 is equal to 

6,31%. As assumed in several papers on financial management, this 
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cost is the best parameter to discount the cash flows of a project in 

order to calculate its NPV.  

 

    Table 6: NTN-B 2008 - 2012  

                 

 

5.2 Results 

In this session we show following the table with the Free Cash to Equity 

calculated for Wind Farm ABC, based on deterministic assumptions listed 

above.  

The flows were projected in real terms. For this case, the deterministic 

assessment, it was considered that all available energy was sold at auction at 

the time and there were no deviations in the generation, which consequently did 

not result in penalties or revisions of the contracted energy.  

Additionally, from the figure 6, we can observe the evolution of the DSCR, 

which demonstrates the financial soundness of the project during entire 

concession period. The results of the projections show that the project is 

sustainable, with positive cash balances throughout the period analyzed, and 

sufficient to honor with amortization and interest on borrowed funds from the 

BNDES. 
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  Figure 6: DSCR – LOAN BNDES  

 

 

Finally, the break even price for the project is BRL 132,09 MWh, it means that 

any price below this price will lead the project for a negative NPV, and 

discounting the cash flows from year to year, at the cost of capital of 6.31%, we 

obtained net present value of the BRL36.615 (x1000).  

 

  Table 7: Wind Farm ABC Results  
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Figure 7: Wind Farm ABC Statement and Free Cash Flow to Equity – Deterministic Case 
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6. Analyzing by CfaR the Wind Farm ABC Cash Flow  

In this chapter another cash flow analysis will take place instead. However, at 

this time, we will use a relative risk measure – CfaR and as instrumental 

support in the processing and analysis of data, software risk simulator will be 

used.    

As we already mentioned in chapter 2, the CFaR is defined as a relative risk 

measure, it means that the risk is being measured relatively to a target level of a 

cash flow. Our cash flow target level was given by the deterministic cash flow 

analysis. It means that the results shown in chapter 5 will be our target and the 

results of CFaR analysis will be compared with it. 

The deterministic cash flow model will serve as a basis for this analysis, 

however, this time the data collected will be submitted to the CFaR metric. 

Thus, variations in cash flow will then be designed using the technique of Monte 

Carlo simulation. The goal of this process is to extract the variations in cash 

flows from the project analyzed according to established scenarios.  

As mentioned in chapter two, for this process to be executed, we must follow a 

few steps. Such steps are organized synthetically as follow: a) First step is try to 

identify the variables that have more influence on the project cash flow; b) 

Second step is estimate the future values expected for each individual variables 

identified in the last step, for the same time horizon used for the project cash 

flow study; c) Third, establish different scenarios for the variables identified 

using the technique of Monte Carlo simulation; and d) Fourth, insert in the 

model the risk factors, which are independent variables adopted in step 1, and 

obtain the probability distribution for the dependent variable (i.e. IRR and NPV) 

and finally calculate CFaR under some confidence level (i.e. 99%). 

The key tool to the process and analyze was the Microsoft Excel and Risk 

Simulator. 
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6.1 Variables that most influence the Project cash flow  

To achieve this step, will be used the Tornado analysis tool. This type of tool 

captures the static impacts of each variable on the outcome of the project cash 

flow. It is a kind of sensitivity analysis since the tool automatically perturbs each 

variable in the project cash flow model by a default value (in this case + 10% 

and -10% for each of the variables used in the cash flow project) that captures 

the fluctuation in the final result and list the resulting disruption ranked in order 

of relevance. 

After using the Tornado analysis tool in the cash flow model for the ABC Wind 

Farm Project, the aftermath is shown as follow:                                             

 

   Figure 8: Wind Farm ABC Tornado Results  

 

 

Thus the Tornado chart above list all entries that most impact the project cash 

flow in of return (NPV), from the variable that exerts the greatest effect on the 

project return – Energy price – till the variable that exerts the lowest effect on 

the project return – Insurance.   
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From this perspective one can clearly see that the first three variables – Energy 

price / Capacity factor / Capex – are the most important in terms of impact on 

the project outcome, followed by other three variables that cause less impact to 

the same outcome, but still a considerable and important impact – Cost of 

equity / Interest rate / O&M – and finally the last two variables that in term of 

impacts are unimportant (it means no material effect) as all others variables that 

are not included in the chart – Adm. costs / Insurance.  

 

6.2 Estimating future values and different scenarios for variables  

Based on the first step, we need estimate or forecast values for each of those 

variables that are able to impact materially the outcome or the return of the 

Wind Farm ABC project and establish some scenarios. As we just find out in the 

last step, these variables are: Energy price, Capacity factor, Capex, Cost of 

equity, Interest rate and O&M. 

 

As we do not have a desirable level of historical information about each of these 

variables to work on its forecast and the objective of this paper is not find those 

information out, we need to assume some reasonable randes for each variable 

to make our study possible. Then, in the next paragraphs it will be explained for 

each of those six variables the treatment and the assumptions took in order to 

have a forecast or estimation for expected values for the same time horizon 

used for the project cash flow study. 

 

Energy price: Despite this variable is the most important in terms of 

impact, as we assume that the Wind Farm ABC is a project that was 

auctioned, we will assume also that its price (BRL 153,07 / MWh) will be 

fixed during the concession time period. Then, for our study it will not be 

a variable that needs to be estimated and its scenario is a fixed price 

during the concession period.  

 

Capacity factor: For this variable, in the deterministic case we assumed 

that the capacity factor for ABC Wind Farm is 47.33% that represents an 
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average from those capacity factors values found in all wind farm project 

auctioned between 2009 and 2012 in Brazil. Taking out the same 

historical data we have also de minimum and maximum values – 0.3282 

and 0.6166 respectively. As these values are values found through out 

wind behavior studies in the region where the project is hypothetically 

located and we do not have sure in what is the likelihood to happen for 

each of the values of the historical data, we decided to use a uniform 

distribution with 0.3282, 0.4733 and 0.6166 as minimum, average and 

maximum input values respectively. The scenario for each year will be a 

value within this range.   

 
       Figure 9: Capacity Factor input distribution  

 
 

       
 
 
 
 
 
 
 
 

Capex: In the case of the capital expenditure we do not have any track 

records. Due to this fact we are intend to establish a range with the 

minimum value below the expected value (indicating possibility to have 

an effective Capex smaller than the expected Capex) and with the 

maximum value above the expected value (indicating possibility to have 

an effective Capex greater than the expected Capex). As a discretionary 

decision, we will use a range like: Min  90% of deterministic Capex 

(BRL 162.000); Expected  100% of deterministic Capex (180.000); 

Max: 120% of deterministic Capex (216.000).  For this case, as our 

expectations about the final or real Capex value are always around the 

number used in the deterministic case, we will use a triangular 

distribution, which is the distribution where once defined the minimum, 

expected and maximum values, the values around the expected value 

are more likely to occur. 
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  Figure 10: Capex input distribution 

 
 
 

Cost of equity: For this variable, the approach will be almost the same 

that was used for the Capex. But this time the range will have the same 

amplitude from the expect value (6,31% or the value used in the 

deterministic case) to both negative and positive sides. Then, again lead 

by a discretionary decision, we will have the minimum value 20% less 

than expected value, (5,06%) and the maximum value 20% more than 

the expected value (7,57%).  For this case, also like the CAPEX, as the 

expectations about the real for this variable value are always around the 

expected value, we will use a triangular distribution, which is the 

distribution where once defined the minimum, expected and maximum 

values, the values around the expected value are more likely to occur. 

 
 

  Figure 11: Cost of equity input distribution 
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Interest rate: For the interest rate, it is possible to have a more reliable 

approach to estimate it. However, as the TJLP is not a market interest 

rate but instead a very discretionary interest rate, our approach will be 

use the historical data into a discrete distribution as the input. Below the 

distribution and the likelihood for each value.  

 
Figure 12: TJLP input distribution 

 
 
 
 
 

  

 

 

 

 

O&M: For this variable, the approach again will be almost the same that 

was used for the Capex and exactly the same used for the cost of equity. 

The range will have the same amplitude from the expect value to both 

negative and positive sides. Then, again lead by a discretionary decision, 

we will have the minimum value 20% less than expected value, (2678) 

and the maximum value 20% more than the expected value (3623).  For 

this case also as the expectations about the real for this variable value 

are always around the expected value, we will use a triangular 

distribution. 
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  Figure 13: O&M input distribution 
 

 

 

6.3 Monte Carlo simulation and results 

In this section will be combine the independent variables shown in the previous 

section to determine the cash flow model. Those are the same variable used in 

the deterministic study. However, at this time the independents variables will be 

submitted to the Monte Carlo simulation process (5000 iterations; 95% 

confidence level) resulting in the distribution of results for each of the dependent 

variables. In the figure below we can find a synthetic demonstration of the 

modeling process: 

  Figure 13: O&M input distribution 
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The distribution of results for each of the dependent variables (NPV, IRR and 

CFaR) will be now presented, after simulations have been performed.  

 

Net Present Value:  

 

By analyzing the distribution of NPV, one realizes that it appears a normal 

distribution where the likelihood, with 95% confidence level, that the project 

Wind Farm ABC have positive or greater than zero NPV is 65.18%. However 

the likelihood of the NPV being greater than or equal to the deterministic NPV 

(BRL 36.615 million) is only 8.9%, with 95% confidence. The average NPV of 

BRL7.459 MM.  

 

Internal Rate of Return:  

 

Analyzing the distribution of IRR, one can also realizes that it appears also a 

normal distribution where the likelihood, with 95% confidence, that the project 

Wind Farm ABC have positive or greater than zero IRR is 99%. However the 

probability of the IRR being greater than or equal to the deterministic IRR value 
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(11,88%) is 0%. The reason for it is because the maximum value in this 

distribution is 11.74%, with a 95% confidence level.  

Comparing the IRR with the cost of equity, we can say that the likelihood of IRR 

be in the range of values taken as input for the fluctuation in the cost of equity 

(5.06% - 7.57%) is 48.59%. Additionally, the likelihood of the IRR being greater 

than or equal to the cost of equity for the deterministic case (6.31%) is 65.88%, 

with 95% confidence. 

 

Cash Flow at Risk: The estimated CFaR obtained through the Monte Carlo 

simulations gives us the perception of the worst estimated cash flow loss for the 

Wind Farm project ABC, for a given level of confidence. 

 

The CFaR for the Wind Farm ABC project, during the period of concession and 

with 95% of confidence is BRL 69.231 million. It means that the project 

accumulated cash flow variation during the period of concession will be greater 

than the mentioned value at 95% of likelihood.  

If we compare the CFaR at 95% of likelihood (BRL 69.231 million) and the 

accumulated cash flow in the bas case or deterministic case (BRL 141.384 

million), we can se that the likelihood of the accumulated cash flow being within 

this range is 33.88%.    
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8. Conclusion and recommendations 

The objective of this paper was to give an example of using a risk analysis tool 

for risk management in non-financial companies by analyzing a wind project 

developed in the power sector in Brazil.  

 

In many cases in a project evaluation, people use several criteria, such as 

payback (discounted or not) and NPV, but given the pros and cons of each, as 

presented in this paper, it is believed that the NPV method is the best method 

for evaluating projects / investment, for this reason it was the main dependent 

variable being sought in the CFaR exercise.   

 

However, the analysis of a wind project is not a deterministic exercise. There 

are many risk factor that need to be considered. The pure NPV does not take 

into account those risk factors. At best, we can do some sensitivity analysis, 

which does not fully capture the role that each variable may play, in particular 

when they are combined. 

Generally, People knows as a fact that wind projects, especially in Brazil, have 

many risks and uncertainties. Some of them are typical to any investment 

project, such as cost of capital. However, others are very specific to wind 

projects, for which a reliable historical track record does not exist. Those 

include, inter alia, variations in production, O&M cost, tariffs, etc. 

The natura of the contractual relations for reserve auctions tries to mitigate 

some of those risks, but some residual (and important) risk may still exist and 

they need to be studied and mitigated, if it’s possible. Moreover, other projects 

to be developed in the future (e.g. merchant plants) may have different 

contractual arrangements, and therefore little hedge will be offered to the 

project intrinsic risks.  

For this reason, we decided to give a stochastic treatment to those risks, by 

looking at each one of the key independent variables that may have a larger 

impact and create more volatility to the cash flow and, consequently, for the 

project financial return. Then we estimated the most likely probability distribution 
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to those variables and processes, all of them using a Monte Carlo simulation, 

supported by Microsoft Excel and Risk Simulator software. 

The result of this Monte Carlo simulation were very enlightening. By analyzing 

it, we proved that in spite of the distribution of probability for the outcome (either 

NPV or IRR) is generally a normal curve, the standard deviation is very high. 

Therefore, the outcome of the project may result in IRRs below the hurdle rate 

and negative NPVs – in other words, some combinations may result in the 

project being unfeasible. This kind of approach shows a completely different – 

opposite - results if we compare the deterministic case results that shows a 

feasible and very profitable project. 

Therefore, we strongly suggest analysis to use this stochastic model to have a 

better sense on the combines risks face by the project. The value of risk may be 

significant based on a probabilistic the analysis as we carried out, and a simple 

deterministic analysis is not able to capture this combined effect.  

Finally, we understand that this probabilistic model provides a much more 

valuable tool for managers to make informed judgments and make the correct 

decision instead a deterministic model. 
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