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ABSTRACT 
 
 

To meet the demand for electric consumption, it is fundamental to prepare an efficient energy planning 
that guarantees the safe supply of energy, so that the price of kilowatt-hours for the consumer respects the tariff 
modality and the socio-environmental impact is the smallest possible. In recent years, alternative sources of 
energy have been gaining considerable space in the Brazilian generating park. Among the many options for 
energy supply, choosing the most feasible involves the use of techniques that compare all the costs involved in 
generating electricity from the sources available in the Brazilian energy matrix. The objective of the work is to 
show a quick, practical and objective tool that performs this comparison and assists in decision making. The 
method based on the comparison is the Cost of Energy and the tool for the application of the same are the 
Screening curves, widely used by the International Atomic Energy Agency (IAEA). In this analysis, the 
following parameters are considered: operating capacity, toxic gas emission rate, fuel consumption and values, 
fixed and variable costs of operation and maintenance, investment values for each source, construction time and 
useful life. It is worth noting that the method does not consider in calculations aspects such as inflation, forced 
interruptions of the plant and other more specific factors. With the work, it was possible to perform an 
examination of the costs of the generation technologies available in Brazil and, through the obtained data, the 
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economic viability of the generating parks was discussed through simulations in different scenarios, comparing 
the sources among themselves. 
 

Keywords: Energy Matrix, Energy Planning, Economic Feasibility, Screening Curves 
 
 
1. INTRODUCTION 
 
For the country to have sustainable development, it is required a distribution of energy in 
which its costs for generation are minimal. Therefore, the planning of the energy sector is 
fundamental to ensure energy supply with lower cost, risk and socio-environmental impact 
[1]. In 2001 and 2002, because of the lack of energy planning and investments in energy 
generation, the energy crisis in Brazil was named "O Apagão". This occurred due to the low 
level of water in the hydropower reservoirs, high energy consumption and high production of 
the industries. At the time, the government adopted the "safe-blackout" (emergency capacity 
charge) as an emergency measure, to keep the emergency generation plants in operation [2]. 
Thus, for the elaboration of an effective energy planning, the item Cost of Energy Generation 
plays an important role, but annually it presents irregular changes. Factors such as the 
climatic conditions, the country's economy, maintenance, inputs, labor, taxes and production 
volume, directly affect the variation of energy production values, leading to uncertainties in 
the composition of energy tariffs, which makes it difficult to compare costs among the 
sources available in the energy matrix [3]. To compare generation costs, a variety of 
sophisticated models exist, ranging from analytical mathematicians using extensive formulas 
of cost composition to computational mathematicians [4]. Vieira, Ramos, & Krüger cite the 
Homer Energy program developed by the U.S. National Renewable Energy Laboratory 
(NREL) as an example. Refining in calculations does not always present true data, which can 
result in time and capital expenditure. Faced with such complex models, the Levelized Cost 
of Electricity (LCOE) method is proposed as a simple alternative that compares and analyzes 
the individual investments of each energy source (wind, solar, hydro, nuclear, Coal, gas and 
oil) over its useful life [3]. The methodology levels all technologies considering items such as 
useful life, installation power, capital cost, variable and fixed cost, fuel cost, construction 
time, efficiency and emission of toxic gases, which vary according to the chosen source. The 
LCOE presents in its use the tool Triage Curve, developed through an Excel spreadsheet and 
used in the construction of cost curves for the energy generating sources, combining the 
points of intersection with the load points [4]. It also allows determining which operating 
regime and capacity factor the analyzed technologies are economically viable, using the least 
amount of data possible to construct the curve, avoiding excess of initial studies. However, 
the use of the tool is not intended to define absolute tariff values [3]. In the present work the 
methodology and the tool will be applied in real scenarios in generating units located in 
Brazil and the presented results will be analyzed and compared so that it is possible to 
indicate which of the generating units presented are more strategically feasible options. 
 
2.  LEVELIZED COST OF ELECTRICITY (LCOE) 

To select new projects for the installation or expansion of generating units, the items that 
influence the choice are: lower investment cost, energy cost produced, construction time, 
operation cost, and maintenance at the project lifetime logo. To assist in decision making, the 
most commonly used method of handling internationally is the Levelized Cost of Electricity 
(LCOE). According to Romeiro, Almeida, & Losekann [6], LCOE is the unit cost of 
construction and operation of a generating unit over its useful life. Or, better, with the LCOE 
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it is possible to compare several technologies with periods of operation, project sizes, capital 
cost, capital return and different capacities, making it possible to identify which is 
economically feasible to invest [7]. In relation to values, the LCOE is equivalent to the 
average price that the consumer must pay so that the investor has his capital recovered and 
with a minimum rate of profit. 

The LCOE presents itself as a simplified method of comparison, which in turn cannot 
distinguish in its calculations whether the generation technology analyzed can be dispatched 
as coal, gas, nuclear, hydroelectric or non-dispatchable as wind and solar [8]. On the values, 
if the market price of electricity is higher than the LCOE of the source analyzed, the margin 
per unit of output is positive and the project tends to be profitable [9]. More if the market 
price is lower than the LCOE, the project will have negative margins and it will not be 
profitable. 

 
2.1.  PARAMETERS FOR THE CALCULATION OF LEVELIZED COST 

Although it is a simplified method, it is necessary to carry out a calculation to obtain the cost 
level and for Tolmasquim, the main parameters for this calculation and that make up its 
formula are the costs of investment, operation and maintenance, fuel, Factor of average 
capacity and discount rate [10]. The IAEA [3] further adds the costs of energy generated, 
atmospheric carbon emissions and decommissioning. 

Several authors demonstrate the computation of LCOE in different ways, from more complex 
to simplified expressions, but all provide very similar values. For the present work, the 
expression proposed by the IAEA [3] was chosen because it made it easier to understand the 
concepts that compose the calculation. The formula is shown below: 
 
               LCOE = Pelectricity = Σt(investt + O&Mt + Fuelt + Carbt + Desct) . (1 + r)-1               (1) 

Σt(Eletrt) . (1 + r)-1 

 
At where: 

 
Investt - Capital investment costs 
O & M - Operation and maintenance costs 
Combt - Fuel costs 
Carbt - Carbon footprint 
Desct - Costs with Decommissioning 
Eletrt - Cost of electricity generated 
R - Discount Rate 
 
2.1.1. INVESTMENT COSTS OR COST OF CAPITAL INVESTMENT 

 
According to the IAEA, it is the investment required to construct and place in commercial 
operation a power generation unit and are divided into direct and indirect [4]. The first is 
associated with the equipment and structures of the generating unit such as boilers, reactors, 
turbines, land rights (owner) and main unit power transformers. The second refers to the 
expenses with services of construction, engineering, management, temporary and renting 
facilities. Investment costs are sensitive to factors such as plant location, climbing effects - 
Price increases - during construction, interest rates, regulatory requirements, and the addition 
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of safety-related equipment that can increase the total cost of investment in the generating 
unit. 

 
2.1.2. OPERATING AND MAINTENANCE COSTS - (O&M) 

They are all costs necessary to operate and maintain a power generating unit. They are 
usually divided into fixed - $ / kW-year, and variable - $ / kW-h. The first does not depend on 
the factor of capacity and the electrical production and is composed of labor, equipment, 
insurance and outsourced services. The second depends on the capacity factor and the 
electrical production and is composed of lubricants, water treatment, spare parts for 
corrective maintenance, moderators, among others [4], [11]. 

2.1.3. COSTS WITH FUELS 

These are the costs of consuming and obtaining fuel from the generating unit. The 
composition of this cost is more complicated in the case of the use of nuclear power because 
a single batch of fuel can be used for a long time and can be reused and by the existence of 
various types of nuclear fuel cycles, composed of several steps such as mining, Milling, 
conversion, enrichment, manufacturing, storage, transportation, reprocessing and waste 
disposal, unlike conventional sources that fuels are instantly consumed [4]. 

 
2.1.4. LIFESPAN 

 
The useful life or economic useful life of a project corresponds to the time where it is 
expected to obtain future economic or financial benefits related to its use. In other words, it is 
the time that investors expect to use the project or production time that investors expect to 
achieve by using the project [12]. Antonoff [13] complements stating that it is the period in 
which the performance of a material, system, component or product is reached or exceeded. 
Thus, distinct expectations about a product lead to different periods of useful life. 
 
2.1.5. AVERAGE CAPACITY FACTOR  

 
It is the measure of energy generation that reveals the effects of all related parameters for 
energy production. This is to say that it is the total energy produced in the given time in kWh, 
divided by the generating unit capacity in kW, multiplied by the number of hours in the 
period [4]. 
 
2.1.6. DISCOUNT RATE 

 
It is the measure of energy generation that reveals the effects of all related parameters for 
energy production. This is to say that it is the total energy produced in the given time in kWh, 
divided by the generating unit capacity in kW, multiplied by the number of hours in the 
period [4]. 

2.1.7. SELIC RATE - SPECIAL SETTLEMENT AND CUSTODY SYSTEM  
According to Iubel [15], it is the basic interest rate of the market used by the National 
Financial System. This rate originates from the interest rates observed in the repurchase 
transactions market (sale of federal government securities with the repurchase commitment 
assumed by the seller and resale assumed by the buyer to be settled on the following business 
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day) and reflects the liquidity of the Money market, supply x demand. It is worth noting that 
this interest rate is not influenced by the risk of the borrower of financial resources in the 
operations, since the ballast is homogeneous. The interest rate that is available to the 
Brazilian monetary authority (Central Bank), serves as a reference for other rates, that is, the 
Selic rate determines by arbitration the other rates in the country [16]. 
 
2.1.8. CARBON ISSUANCE 
 
It is the result of the electric generation of the National Interconnected System (SIN) and is 
calculated based on the plants dispatched by the National Electric System Operator (ONS), 
giving greater focus to the thermoelectric power plants. This calculation was developed by 
the Ministry of Science and Technology (MCT) and the Ministry of Mines and Energy 
(MME). 
 
2.1.9. DECOMMISSIONING 
 
It is the final cost and is related to the dismantling (deactivation) of the generating unit after 
its useful life. This cost, although substantial, contributes little to the total generation costs 
because they involve amounts that will be spent many years after the operation of the unit. 
So, when this value is measured in the year in which the plant is closing its operation, its 
effects are minimal [4]. 
 
2.2. SCREENING CURVES 
 
The tool used in this work, screening curve, is commonly used for prior analysis of the costs 
of generation technologies, directing the economically viable choice. It presents the level 
costs in the electric generation, combining the total costs of each generating unit with 
projections of load of the system, exhibiting a range of combinations in which the optimal 
choice can be verified [17] 

 
 

 
Figure 1: Cost representation by the screening curve method. 
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 Delivered as an Excel spreadsheet, this analysis tool was obtained for this research at the 
International Center for Theoretical Physics (ICTP) in 2013 in Trieste, and its exposition and 
study material are available in PowerPoint. 
 
The cost for total energy production for the analyzed technologies is governed by (1), adding 
fixed and variable costs to make up the total cost. Figure 1, below, presents a usual Screening 
Curve, with the costs that make up a generation system. It lists the total annualized costs ($ / 
kW) for different load factors (%). 
 

3. RESULTS AND DISCUSSIONS 
 
The technologies presented in Table 1 were used in this work to analyze the cost of 
generating energy using the Screening Curve tool.  
 
 

Table 1: Technical and financial parameters of the studied units 
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MW 381,2 455 640 360,137 1.233,10 1 90,75

Build Profile Years 2 3 13 4 6 1 1

Fixed cost US$/kW-year 9,4 0,228 0,012 32,26 0,256 19 85

Variable cost US$/kW-h 1,26 0,231 0,0355 0,38 0,003 - -

Efficiency % 40 38 33 33 90 29 44

Fuel Cost US$/kW 0,0394 0,0105 0,001 0,0107 - - -

Area km² 0,007953 0,14 0,038 0,05 516 0,012 0,015  
 

 
The technical and financial data were compiled in the open literature to simulate the initial 
scenario, named Standard simulation. In the simulations, the SELIC (Special Settlement and 
Custody System) rate was used as the discount rate, which is the reference rate for the 
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country's economy, presenting a lower market investment risk. In the standard simulation, the 
value was 10.15% [18]. All Initial Investment costs were brought to the base date of July 1, 
2017, corrected with the Citizen's Calculator, available on the website of the Central Bank of 
Brazil. 
 
Also, in Table 2, the technical data of the fuels used in the simulations are presented. The 
amount to be paid in the commercial dollar exchange rate was collected through the stock 
exchange quotation on June 10, 2017. Fuel prices were collected in the index Mundi data 
portal, referring to June 20, 2017 [19]. Conversions of masses and volumes of values were 
carried out to be associated with the amounts of energy. The gas emission factor applied is 
0.0815 tCO2 / MWh, taken from the website of the Ministry of Science and Technology, and 
the CO2 emission penalty in the atmosphere was valued at US $ 5.04 per ton [20]. 
 

Table 2: Baseline values for composition of the sorting curve 
 

Unit Value
Converted 

value Search source
Consultation 

date

Dollar US$ 3,29 -
http://idealsoftwares.com.br/indices/dol

ar2017.html 2017-06-20

Fuel Oil US$/gallon 1,52
0,0340 

US$/kW

Index Mundi - 
http://www.indexmundi.com/pt/pre%E7

os-de-
mercado/?mercadoria=%C3%B3leo-

combust%C3%ADvel&meses=12&moe
da=brl

2017-06-20

GLP US$/gallon 0,65 0,0244 
US$/kW

Index Mundi - 
http://www.indexmundi.com/pt/pre%E7

os-de-
mercado/?mercadoria=propano&meses=

12

2017-06-20

Mineral Coal
US$/ton-

metric 90,69
0,0106 

US$/kW

Index Mundi - 
http://www.indexmundi.com/pt/pre%E7

os-de-
mercado/?mercadoria=carv%C3%A3o-
t%C3%A9rmico-australiano&meses=12

2017-06-20

Uranium US$/lb 23,17 0,0010 
US$/kW

Index Mundi - 
http://www.indexmundi.com/pt/pre%E7

os-de-
mercado/?mercadoria=ur%C3%A2nio&

meses=12

2017-06-20

 
 
 

Finally, the screening curve presented in Figure 2 shows the simulation and comparison of 
energy generation costs, in US $ / kWh, for different load factors (%), with the Selic rate at 
10.15% for technologies Which were presented in Table 1. Analyzing the above curves, it can 
be observed that using this methodology the units to be discarded from further studies of 
economic viability are the Tauá site and the Belo Monte hydroelectric plant. This is justified 
by the high cost of the kWh value when used at low factor of capacity, while the Suape II fuel 
oil thermoelectric presents the lowest kWh value. 
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Figure 2: Standard simulation for energy generation costs for different technologies, 

using the Screening Curve with a Selic rate of 10.15% 
 

In choosing a type of technology, it is necessary to consider not only the cost of energy 
shown in Figure 2. It is necessary to overweight factors such as installation lifetime, 
atmospheric emission rate, fuel value, costs with maintenance and operation and discount of 
the invested capital are elements that interfere in the decision of the choice in the construction 
of energy source. 
 
An enlargement of Figure 2 for low load capacity factors is shown in Figure 3. At the same 
time, it is possible to verify that when the energy production is operated with low capacity 
factor; that is when the total cost is composed of high variable cost and low investment cost, 
the cost of the Tauá solar energy source of 1 MW reached the value of 1078.7 US $ / kWh. In 
the Belo Monte hydroelectric plant of 1233 MW the cost of production was 858.3 US $ / 
kWh, both for 10% of the load. While, the Suape II fuel oil thermoelectric presents the lowest 
value, US $ 12.4 / kWh. It is worth noting that the solar source, although the largest 
representative of renewable and clean generation sources, has grown in recent years due to 
the increase in energy demand. Although the technological advances allowed the 
improvement of the solar panels that consequently generated a gradual fall in prices, the early 
aging of these materials to the Brazilian temperature conditions causes the loss of power at a 
rate of 0.40% for every 1 ° C . Therefore, the cost of power generation is increased since the 
useful life is reduced in average to ten years of the 25 years offered by the manufacturers. 
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Figure 3: Standard Simulation for energy costs at low capacity factor 
 
The same analysis can be performed using high unit capacity factors. Figure 4 shows an 
enlargement of Figure 2, that is, for base load generation in which the total cost is generally 
composed of a low variable cost and high investment cost, such as the nuclear source. In this 
simulation, the most economically viable sources of fuel oil are Suape II Thermoelectric II of 
455 MW; Coal, Itaqui Port of 360 MW; And nuclear, Thermonuclear Angra I of 640 MW. In 
that order, in these energy matrices energy costs reach values below 3.8 US $ / kWh. In spite 
of the low values, in the choice of the implantation it must weigh the fact that in spite of the 
high costs to construct and to implant, Thermonuclear, in this case Angra I, is economically 
viable due to the low cost with the operation and maintenance, Small fuel demanded by this 
source, and, moreover, it presents the longest useful life (25 years) when compared to all 
units approached in this work. It is also important to highlight the fact that it is possible to 
ignore the emission of thermonuclear gases due to the low emission values. For the Brazilian 
reality, Thermoelectric Suape II and Thermonuclear Angra I still prove to be more 
economically viable than the Tauá site and the Belo Monte hydroelectric plant. 
 

  
                                                                                                                                          

Figure 4: Standard Simulation for low power costs at high capacity factor 
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It is important to note that the Belo Monte hydroelectric plant also presented high values in 
generation costs of US $ 122.6 / kWh. This result is due to investment capital being the 
second highest. The apparent advantages of being a renewable source, low cost of production 
and not pollute the environment, however the dependence on the seasonality of rainfall puts 
its generation in the dry season at low levels. 
 
3.1 SIMULATED SCENARIOS  
 
Next, three hypothetical scenarios will be presented, which were simulated to analyze how 
some financial parameters affect the sensitivity of energy production costs. Three 
comparative scenarios were simulated and will be presented and discussed below: 
 
• Scenario 1: Variation of the discount rate (Selic rate); 
• Scenario 2: Variation in construction time; 
• Scenario 3: Variation in the useful life. 
 
3.1.1.  SCENARIO 1: VARIATION OF THE DISCOUNT RATE (SELIC RATE) 

  
Tables 5 and 6 show the costs of power generation assuming a hypothetical scenario in which 
the discount rate is 8% and 12% of the value invested in the units, for a low load factor. 
 
It is observed that the lower costs of energy production occur for the unit with fuel oil, that is, 
Suape II Thermoelectric and its largest percentage increase when the discount rate varies 
from 8% to 12% occurs around 25% For the load factor of 30%. However, the highest energy 
production costs occur for the Tauá solar unit, and its highest percentage increase occurs at 
around 26% at the 30% load factor. The production costs for the Angra dos Reis nuclear plant 
have a percentage increase of around 46% for the 30% load factor. This means that the 
nuclear power plant is very sensitive to discount rate at low capacity factor. 

 

Table 5: Generation costs, US $ / kWh, 
with Selic rate of 8% for low capacity 

factor 
10% 20% 30%

OIL 10,50 5,30 3,50

NATURAL GAS 49,80 24,90 16,60

COAL 28,30 14,10 9,40

NUCLEAR 20,80 10,40 6,90

SOLAR 909,00 454,50 303,00

HYDROPOWER 643,20 323,40 215,60

WIND 100,60 50,30 33,50  
 

Table 6: Generation costs, US $ / kWh, 
with Selic rate of 12% for low capacity 

factor 
10% 20% 30%

OIL 14,10 7,00 4,70

NATURAL GAS 71,70 35,80 23,90

COAL 39,80 19,90 13,30

NUCLEAR 37,90 18,90 12,60

SOLAR 1234,40 617,20 411,50

HYDROPOWER 1067,30 534,40 356,30

WIND 131,30 65,70 43,80  

Tables 7 and 8 present the results of the same simulations of energy generation costs for high 
load factor. It is observed that the lower costs of energy production occur again for the unit 
with oil fuel. However, these units have disadvantages that compromise the viability of their 
implementation and are not considered in the simplicity of the simulation. There are high 
maintenance costs that arise from the same ones that were not created to be triggered in a 
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short period of time, so the depreciation of your equipment increases. Another issue is related 
to environmental issues due to the emissions of gases and, in addition, their disposal must 
respect the environmental policies. From the above, this source should become economically 
unviable. 

 

Table 7: Generation costs in US $ / 
kWh, with Selic rate of 8% for high 

capacity factor 
70% 80% 90%

OIL 1,50 1,30 1,20

NATURAL GAS 7,10 6,20 5,50

COAL 4,00 3,50 3,10

NUCLEAR 3,00 2,60 2,30

SOLAR 124,10 108,60 96,50

HYDROPOWER 91,90 80,40 71,50

WIND 14,40 12,60 11,20

    

Table 8: Generation costs in US $ / 
kWh, with Selic rate of 12% for high 

capacity factor 
70% 80% 90%

OIL 2,00 1,80 1,60

NATURAL GAS 10,20 9,00 8,00

COAL 5,70 5,00 4,40

NUCLEAR 5,40 4,70 4,20

SOLAR 171,90 150,40 133,70

HYDROPOWER 152,50 133,40 118,60

WIND 18,80 16,40 14,60  

  
The cost of production of the Angra dos Reis nuclear plant for the 90% load factor and a 12% 
discount rate has a 65% reduction. 
 

 

Figure 5: Simulation of energy costs as a function of discount rate for Angra I nuclear 
unit 

 

3.1.2.  SCENARIO 2: VARIATION OF TIME OF CONSTRUCTION 
 

For the feasibility analysis of the use of the sorting curves, parameters such as the 
construction time were changed in one of the generating units, the Angra I nuclear power 
plant. The simulations were carried out with the following construction times: 
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• Seven years, according to construction average and approved permits, given by EPE 
[1]; 
• Thirteen years, actual construction time of the Angra I plant. 
 

As shown in Figure 6, energy cost values are more sensitive when production occurs at low 
load factor, represented by a 32% reduction in costs when construction time decreases from 
13 to 7 years. 
 

 

Figure 6: Simulation of energy costs, in US $ / kWh, for various construction times 
 

When production occurs at high load factor, the cost variation does not present significant 
cost deviations, which makes the production of nuclear power in the base generation highly 
competitive, above 80% load factor. 
 
3.1.3.  SCENARIO 3: VARIATION OF TIME OF USEFUL LIFE 
 
Figure 7 shows the values of energy costs when the lifetime variant is changed to 30, 40 and 
60 years. As can be observed, there are no impacts on energy production costs as the plant's 
useful life increases. This positive effect is the other aspect that ensures high competitiveness 
of nuclear energy sources, since the high initial investment can be diluted over time and have 
little effect on the cost of energy. 
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Figure 7: Simulation of energy costs as a function of the useful life of the Angra I 

nuclear unit 
 

 
 

4. CONCLUSIONS  
 
In a quick analysis, there can be large variations in the costs of the sources from one capacity 
factor to another. This is due to the type of generation that each unit is designed to operate. 
Even with the limitations of a simplified method, the sorting curve presents a rapid response 
for a first analysis of the technologies available in the energy matrix. With it we compare 
important parameters for the supply and the demand of energy, being widely used and 
perfected over the years. The work presents the tool as a rather simple alternative that allows 
to make the choice of where to invest so that the costs of both construction and generation are 
the smallest possible. When properly employed, the sorting curve is an excellent option, but 
once the source that has economic viability is chosen, it is necessary to deepen the studies in 
this technology, with more sophisticated methods, in order to confirm the data presented in 
the curve. It is concluded that the screening curve can be applied as a filter in the process of 
choosing sources of power generation. 
 
 

ACKNOLEDGMENTS 
 
The authors thank ICTP - International Center for Theoretical Physics for their training at 
School Nuclear Energy Management - 2013. 
 
 
 
 
 



INAC 2017, Belo Horizonte, MG, Brazil. 
 

REFERENCE 
 

1. “Aspectos Fundamentais de Planejamento Energético,” 
www.sudene.gov.br/conteudo/download/PE_Aspectos_Fundamentais.pdf (2005).                                                                       

2. “A Crise do Apagão”, http://www.ienergia.com.br/energia/apagao.aspx (2017). 
3. “Using Simple Levelized Electricity, Generation Cost Calculation And Screening 

Curves,” www.science.smith.edu/~jcardell/.../ExpanPlan_ProdCost.pdf (2013). 
4. IAEA, Expansion Planning for Electrical Generating Systems: A Guidebook, 

Division of Publications International Atomic Energy Agency, Vienna, Austria 
(1984). 

5. E. A. Vieira, L. R. Feksa, L. E. O. Manga, C. Krüger, “Comparação de Tecnologias 
Solar Fotovoltaica.”, RevInt, Volume 4, pp. 403-413 (2017).  

6. R. D. Lisbona., E. d. Almeida, L. Losekann, “Escolha tecnológica no setor elétrico 
brasileiro”, Revista Econômica, Volume 16, pp. 31-49 (2014).  

7. “Levelized Cost and Levelized Avoided Cost of New Generation Resources in the 
Annual Energy Outlook 2015,” 
http://large.stanford.edu/courses/2015/ph240/allen2/docs/electricity_generation.pdf 
(2015).  

8. F. Gonçalves, R. H. d. Ruiz, “Energia Nuclear,” Caderno de Energia Nuclear, 
Volume 6, pp. 20-21 (2016). 

9. “Project Decision Metrics: Levelized Cost of Energy (LCOE),” https://www.e-
education.psu.edu/eme801/node/560 (2017). 

10. “Energia Renovável: Hidráulica, Biomassa, Eólica, Solar, Oceânica,” 
www.epe.gov.br/Documents/Energia%20Renovável%20-
%20Online%2016maio2016.pdf (2016). 

11. “Nuclear Power Generation Cost Methodology,” 
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/11/571/11571805.pd
f (1980). 

12. “A Vida Útil de Instalações no Setor Elétrico e sua Influência na Definição das 
Tarifas de Distribuição de Energia no Brasil,” 
http://www.aneel.gov.br/documents/656835/14876412/Dissertacao_Luciano+Cherbel
e.pdf/5b825fff-64cf-437c-8408-2a774323e5e2 (2013). 

13. “O Conceito de Vida Útil e o Projeto do Envelope de Edifícios Residenciais,” 
http://poli-integra.poli.usp.br/library/pdfs/a20562a6748cfa08a7d15a72e46e1f79.pdf 
(2016). 

14. “Discount Rates in Energy System Analysis: Discussion Paper,” 
http://bpie.eu/uploads/lib/document/attachment/142/Discount_rates_in_energy_syste
m-discussion_paper_2015_ISI_BPIE.pdf (2015). 

15. “Sistema Financeiro Nacional, Taxa Básica de Juros do Mercado Financeiro, Taxa de 
Juros SELIC,” http://hdl.handle.net/10183/80769 (2012). 

16. “Mecanismos de Transmissão Monetária e a Determinação da Taxa de Juros: Uma 
Aplicação da Regra de Taylor ao Caso Brasileiro,” 
http://www.eco.unicamp.br/docprod/downarq.php?id=520&tp=a (2001). 

17. “Taxa Selic,” 
http://www.bcb.gov.br/htms/selic/conceito_taxaselic.asp?idpai=SELICTAXA 

18. “Commodity Prices,” http://www.indexmundi.com/commodities/ (2017) 
19. “Arquivos dos Fatores de Emissão,” 

http://www.mct.gov.br/index.php/content/view/321144.html (2017).  



INAC 2017, Belo Horizonte, MG, Brazil. 
 

20. “Guia Eletrobras Eletronuclear de Pronta Resposta,” 
http://www.eletronuclear.gov.br/Saibamais/Perguntasfrequentes.aspx (2015). 

21. “Prospecto Preliminar de Distribuição Pública Primária de Ações Ordinárias de 
Emissão da MPX,” 
cop.anbima.com.br/storage/Oferta/id0000129/Prospecto%20Preliminar_31.05.2013.p
df (2007). 

22. “Análise de Viabilidade Técnico-Econômica das Termelétricas a Carvão Nacional: 
Enfoque Sistêmico,”  
http://www.carvaomineral.com.br/arquivos/20120903_ABCM_RT01_final_MMF_Re
v_IR_DSR_FLZ_MMF.pdf (2012). 

23. “Projetos de Desenvolvimento e Conflitos Socioambientais em São Luís-Ma: O Caso 
Da Instalação de uma Usina Termelétrica,” http://www.gedmma.ufma.br/?p=666 
(2010).   

24.  ACP, “A Força dos Ventos”, Revista ACP, Volume 1, pp. 12-14 (2014). 
25. “Estudo de Empreendimentos Energéticos Híbridos Baseados em Fontes Renováveis 

Desde o Ponto de Vista da Regulamentação Vigente No Brasil,” 
http://bdm.unb.br/handle/10483/13698 (2015). 

26. “Projeto Pedagógico do Curso de Bacharelado em Engenharia Elétrica,” 
http://www.ifpe.edu.br/campus/garanhuns/cursos/superiores/bacharelados/engenharia
_eletrica/projeto-pedagogico (2016). 

27. “ITR Informações Trimestrais Cia Hidro Elétrica do São Francisco”, 
www.omegaenergia.com.br/ri/ITR/ITR3-15.pdf (2015). 

28. “Usina Solar Tauá”, file:///e:/solar%20de%20tau%c3%81/mpx-maur%c3%8dcio-
moszkowcz%20(1).pdf (2011). 

29. “Programa Mensal de Operação Eletroenergética para o Mês de Janeiro”, 
www.ons.org.br/download/agentes/pmo/NT%200004-207-2017.pdf (2015). 

30. “Processos de Empreendimentos Vendedores do Leilão ng 01/2007-ANEEL”, 
www.consultaesic.cgu.gov.br/.../RESPOSTA_PEDIDO_48524.006112-2008-00.pdf 
(2008). 

31. “Avaliação de Investimentos de Capital na Geração Termoelétrica Usando a Teoria 
das Opções Reais: Um Estudo de Caso Utilizando a Equação de Bellman,” 
http://marcoagd.usuarios.rdc.puc-rio.br/pdf/alessandro-dissertacao_mestrado.pdf 
(2005). 

32. “Project Abstract”, 
http://www.globalclearinghouse.org/infradev/assets%5C10/documents/Brazil%20-
%20Termopernambuco_Project%20Profile%20-%20IADB%20(2001).pdf. (2001). 

33. “Estudos para a Licitação da Expansão da Geração”, 
www.epe.gov.br/leiloes/Documents/Leilão%20A.../EPE-DEE-RE-062-2015-r0.pdf 
(2008). 

34. “Relatório Administração Termope”, 
http://m2msaber.com.br/painel/empresas/termopernambuco-sa/2012-12/relatorio-da-
administracao/download (2012). 

 


