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Abstract. One of the most important issues of the XXI century is the generation and supply of  
energy, in particular electricity, due to its widespread use in everyday life. In the current scenario,  
governments and companies face critical matters such as dependency from fossil fuels producers, 
possible depletion of the current reserves, and increasing in greenhouse gases. In order to prevent 
these phenomena, carbon free sources of energy have to be developed and integrated into the 
current production mix. Nuclear energy generation looks like an appealing option. In order to 
evaluate the competitiveness of this kind of investment, an MIT interdisciplinary research team 
has  developed  a  costing  model,  that  compares  the  levelised  cost  of  alternative  electricity 
generation technologies. In this model, nuclear energy generation is analysed together with coal 
and natural gas. The goal of this work is to adapt this model to the deployment of a reactor in 
Portugal, in order to evaluate the final cost of electricity and compare it with the actual mix of  
production.
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1. Introduction

Electricity is believed to be, by many people, one of the greatest invention of the twentieth century.  
It is used nowadays for every kind sector, from residential (heating, lightening, home appliances) to 
heavy industry and transportation.  Its consumption (and the one of primary energy, in general) has  
been growing steadily, making supply and production of energy one of the most important concerns of 
the twentieth century. In 2007 the total energy consumption was 12000 Million tons of oil equivalent  
(Mtoe), which is expected to grow by 40% in within the next 20 years [1.]. This requires government 
institution to look for new and more efficient energy generation systems. Another problem connected  
with the increased demand of energy is the generation of carbon dioxide, which causes an increase of  
the greenhouse effect, main contributor to global warming.

In order to face these issues, governments have few choices:
• increase efficiency of current energy production
• expand use of renewable energy sources (solar, wind, biomass, geothermal)
• capture carbon dioxide emission of fossil fuel-generated plants, in order to permanently  

sequester the carbon
• increase the use of nuclear power

The nuclear option will be the one on which this paper will focus on.

1.1 Nuclear Energy Scenario

In 2006, nuclear energy had a share of 16% on the total energy produced worldwide [2.].  The 
reasons for  which nuclear energy is considered a valid option for  future energy scenarios are the  
following:

• Low dependence on fuel  cost: the cost  structure  of  electricity  produced throughout 
fossil fuel fired plants shows that  46% (for  coal) and 79% of the cost of generation 
belongs to fuel cost. Since the majority materials are in general extracted in places which 
have unstable political situations, it  makes cost of electricity produced this way very 
volatile. Costs of nuclear, on the other hand, are only accountable for 17% of the total to  
fuel  costs.  Together  with  the  fact  that  Uranium and Plutonium mines are  located in 
countries that are more stable politically, it makes the total costs much less sensitive to 
fuel price fluctuation.

• No Greenhouse Gases emissions: like renewable energy sources, nuclear energy is a 
carbon-free  generation  solution,  thus  it  does  not  contribute  to  the  increase  of  the 
greenhouse effect.

• Low Generation Costs: once the plant is up and running, the generation costs are much 
lower than the other generation alternatives.

Although being a form of energy which is cheap to produce and that does not release CO2 in the 
atmosphere, nuclear energy is still a controversial topic because of four still unresolved issues:

• Cost:  the construction of a nuclear power plant is very capital intensive (the cost of  
invested  capital  can account  from 45% to 70% of  the  total  cost).  At least  in  the  in 
absence of  a  carbon tax, or  an equivalent  “cap  and trade” mechanisms for  reducing 
carbon emission, nuclear power has higher overall life costs, if compared with nuclear 
gas and coal[2.].

• Safety: there are still lots of concerns about human and environmental safety of nuclear 
plants, especially after the two accidents of Chernobil (Ukraine, 1986) and Three Mile 
Island (United States, 1979).

• Proliferation:  civilian  nuclear  technology  can  be  reconverted  to  produce  nuclear 
weapons. This mainly concern Radioactive wastes (plutonium), which can be used as 
fuel for the bombs.

• Waste management: the long-term management of nuclear radioactive wastes is still an 
open and unresolved concern. There is still no final disposition implemented on how to  
deal  with  high  level  radioactive  wastes  created  at  various  stages  of  the  fuel  cycle. 



Burying the wastes (as in Yucca Mountain repository facility in the United States) is still 
the only option available, but it can only ease the problem, not solve it.

1.2 Nuclear Energy in Portugal

Currently there are no nuclear power plants in Portugal. Even though there have been some proposals  
of projects of this kind (the last one by the businessman Monteiro de Barros, in 2005), the government 
never took any definitive position on the topic, focusing instead on renewable sources.
The aid of the government for this kind of projects is fundamental, since the Portuguese electricity  
system is regulated. There are, in fact, two different regulation for energy produced in normal regime  
(mainly fossil fuel fired plants and large hydroelectric ones), and special regime (renewable and co-
generation plants). The electricity produced in ordinary regime can be sold to the final consumer or to  
electricity suppliers, through a specialised market like the Iberian Electricity Market (Mercado Ibérico  
de Electricidade, or MIBEL). The electricity produced in special regime instead, has to be purchased 
by a last resort supplier, and supplied to the consumers at a price set by the regulatory agency for 
energy  services  (Entidade  Reguladora  dos   Serviços  Energéticos,  or  ERSE).  The  government 
subsidise the losses caused by this operation.
When evaluating a possible nuclear plant project in Portugal, it is important to understand whether it  
will  be subject  to Special  Regime regulation or not,  because this factor would greatly impact it's 
competitiveness.

2. The Financial Model

The cost model upon which this analysis is based, performs the calculation of the real levelised cost of 
electricity  (LCOE);  this  means  calculating  the  constant  (real)  price  of  electricity  that  would  be 
necessary in order to cover all the operating expenses, interests and obligations to the investors. We 
will use this method to obtain the minimum profitable price for nuclear energy in Portugal, make 
some  analysis  about  the  robustness  of  the  result,  and  compare  it  with  the  current  generation 
alternatives in the country.

The LCOE is calculated using a discounted cash flow analysis:  the method consists in projecting  
revenues and expenses over the lifetime of the project, and discount them at a rate which is sufficient 
to satisfy debt obligations and cost of capital required by investors.
The  following  sections  describe  more  in  detail  each  component  of  the  model,  and  the  excel 
spreadsheet can be found in appendix 1.

2.1 Technical Parameters

All the parameters concerning the technical aspect of the nuclear plant, are the most difficult to  
handle  and  estimate;  this  is  due  mainly  the  fact  that  very  few  nuclear  projects  have  been  
commissioned in the past decades, and that this would be a first of a kind project in Portugal. The  
most recent project concerning nuclear plants proposed in Portugal has been the one by Monteiro de 
Barros (2005), which proposes the installation of a 1.6 GWe reactor. Besides this value, we will use 
the same parameters considered in the model done by MIT, on which this one is based. For a complete 
list of all the parameters, see appendix 2.

2.2 Revenues

The sole source of revenue is the sale of electricity: it's value it's calculated as the product  of the 
quantity of electricity produced by the plant times the yearly price per kilowatt-hour, adjusted by the 
inflation rate. The inflation rate has been calculated using average values of the Consumer Price Index 
(source: [4.]).



2.3 Overnight Costs

The overnight costs are allocated at the year production begins, over a construction period of 5  
years. The layout profile follows a sinusoidal function, which peaks in the middle.

2.4 Overnight and Operating Costs

Operating expenses are all the expenses that occur while running the power plant. They include 
fuel expenses, waste management, operating and maintenance costs. Incremental capital expenditures 
are treated as well as operating expenses (this is a simplification in order to avoid another depreciation 
schedule. Since the expenses occur every year, the error introduced is small).

For the same reasons mentioned in section 2.1, there are not many information on the value of this 
cost in Portugal. For this reason, we used the same values as the 2003 MIT model[3.] (except fuel 
costs, which were taken from the 2008 update of the paper [5.]), adjusted for inflation and exchange 
rate. 

Overnight costs are allocated at the year production begins, over a construction period of 5 years. 
The layout profile follows a sinusoidal function, which peaks in the middle. This value is also taken  
and adjusted from the 2008 MIT update.

2.5 Financing

The model  is  assumed to be financed by equity and a 10 years  loan,  which is repaid through 
constant fees. In order to estimate the financial structure of the investment, and data related to equity 
and debt rates, we analysed a company which could be a possible candidate to make this kind of  
investment. Since no one in Portugal has ever done an investment of this kind, it  was decided to 
analyse a company that  operates in a similar  market: EDP Renováveis,  S.A. (EDPR). EDPR is a 
company, incorporated in the end of 2007 from the integration of EDP’s renewable assets in Europe 
and the US. Although it is not likely that EDPR itself would make the investment (renewable energy 
companies are among the main opponents to nuclear energy), it  presents features which make it a 
suitable candidate.

The financial  structure  of  EDPR in 2009 was 52.82% debt  and 47.18% equity[6.],  which was 
chosen also to be the debt to equity ratio of the model. EDPR's average cost of debt in 2009 was 4.8%
[6.]. This value though is likely to be an underestimation, since nuclear investments are perceived as 
riskier by the investors, if compared with renewable energies projects. Therefore, if we increase this 
value by a risk premium, we can assume an interest rate of 6% to be a reasonable proxy for the model.

2.6 Return to the Investors

The estimated return to the investors is calculated using the Capital Asset Pricing Model, which can 
be represented by the following formula: 

E  re=r f ⋅E r m−r f  (1)

As mentioned before, we will use EDPR as sample company to calculate the beta coefficient and 
the risk premium. The is risk free rate  rf is calculated as the average monthly return for 10-years 
Portuguese Treasury Bonds, from January 2007 to May 2010. The beta coefficient is calculated using 
a 24 month historical regression of returns by EDPR against PSI 20, the main index for Portuguese 
equities, and has a value of 0,978[7.]. As value for the risk premium we chose to use the Portuguese 
Equity Risk Premium.  In a study by Damodaran [8.], this rate is calculated as a country risk premium 
of 0.9% above the general risk premium of countries with mature economies, which is set to 4.5%. 
This gives a total premium of 5.4%. The model then gives an expected return to the investors of 9.7%.



2.7 Asset Depreciation

The depreciation of an asset in Portugal is done through constant quotes. The number of years  
during which an asset is depreciated, hence the depreciation rate,  depends on the type of asset. Due to 
the absence of regulation concerning nuclear power plants, an hypothetical depreciation schedule has 
to be derived from the existing regulation. A generic industrial fixed asset has a depreciation schedule  
of 20 years [9.], so we assumed this value to be a safe proxy. Although, since some fixed assets are  
depreciated with a schedule up to 50 years, a sensitivity analysis will be performed to evaluate the 
necessity for deeper analysis.

2.8 Taxation

Portugal corporate income tax rate added up to 25% in 2009 (source: KPMG, 2009). In addition to 
this  rate,  municipalities  add a surcharge,  called  derrama,  which varies  from 0 to  1.5%, which  is 
deducted from taxable profit. Due to the uncertainty on location of the construction site of the power  
plant, an average value of 1% is used, which gives a total income tax rate of 26%.

3. Model Analysis and Evaluation

The financial model returns a LCOE of 5.75 cents/kWh. In the next sections we will compare how this  
price fits in the Portuguese industry, and how sensitive this estimate is to variations in its parameters.

3.1 Comparison with Portuguese Market

The benchmark with the current mix of electricity in Portugal can be outlined in table 1 below: 

Table 1 Benchmark of Electricity Costs in Portugal

Fare 
[cents/kWh]

Source

Nuclear 5.75 MIT

Portuguese Market 4.09 MIBEL

Special Regime
(ERSE Prediction)

5.00 ERSE

Special Regime
(as is)

9.23 ERSE

With a total  LCOE of 5.75 cents/kWh, nuclear  does not  seem not  to  be a competitive  option in 
Portugal, if compared with both market price and regulated renewable energy price (see table 5.5  
below); the estimated costs for nuclear energy is 40% lower than the prediction set by ERSE for the 
production in 2010.

3.2 Sensitivity analysis

A sensitivity analysis is generally used to check the robustness of an estimation to the variation of its  
parameters. In the case studied in this paper, the objective of the analysis will be to identify which 
drivers affect the most the final cost of electricity. These parameters, in fact, are the ones that will  
require the most attention when being assessed, since an error in their estimation will impact more the  
final results. Two tools in particular will be used to perform the evaluation: a tornado diagram and a 
spider graph. A tornado diagram shows the parameters affect the final output of the model (in this 



case, the LCOE), when swinging from a minimum to a maximum hypothetical value. This tool is used  
for preliminary analysis, since it does not consider correlation or statistical profiles of the parameters. 
The results are shown in figure 1 below:

The initial cost of the investment (which is a function of overnight costs, interest rate and expected  
return to equity investors)  is the one that most affects the final cost of electricity; the parameter which 
presents the largest absolute wing is the expected return to equity investors, which is more than 3 
cents/kWh. Operational and fuel costs do not affect the price sensibly, which also proves what has 
been said before about nuclear energy: expensive initial investment, but low marginal costs afterward.

The tornado diagram is a good tool for preliminary analysis, but alone does not provide sufficient 
information, since minimum and maximum swing for many of the parameters were not known. This is 
why together with this diagram we present another tool, which is called “spider graph”. This  graph  
compares  the relative,  not  the absolute,  swings of  each parameter,  with the relative swing in the 
output. Since it is a relative term, less error is introduced by not knowing the swing range of the  
parameters.  The  results  are  shown in  figure   (for  easiness  of  reading,  only  the  most  important  
parameters were reported in the graph):

Fig. 1: Tornado Diagram for parameters affecting LCOE
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The x-axis represents the relative swing in the input parameter, while the y-axis the relative swing in 
the output, in this case the LCOE. The steepness of the lines represents the sensitivity of the output to  
the relative input parameter.  As also outlined in the previous diagram, the expected return to the 
investors is still the variable that mostly affects the final cost of electricity, followed by inflation and  
interest rates. For each percentage point that this parameters increases in fact, the cost of electricity  
has a raise of about 8%.

It is important to notice that inflation rate, despite its significance on the graph, can be excluded from  
the list of critical parameters; this kind of graph, in fact, only shows how much the output changes, 
given  a  variation  in  its  inputs.  In  order  to  evaluate  risk,  together  with  the  impact  that  this  risk  
produces,  we  have  to  consider  the  probability  of  it  happening.  Inflation  in  fact  has  a  very  low  
volatility and it is easier to predict than the other parameters, thus there is less risk of having very high 
or very low swings.

In conclusion, these graphs prove that the average cost of capital is the most influencing parameter in 
the model; in particular the cost of equity, which is represented by the return to the investors, presents 
the largest absolute and relative swings. This analysis outlines the impact of the uncertainty of the 
parameters in the model. In order to perform a more complete risk evaluation, we would need to keep  
in consideration also the probability distribution of the uncertainties, and this goes beyond the scope 
of this paper.

3.3 Scenario Analysis

A scenario analysis can be used to evaluate the impact of different parameters when their changes 
occur at the same time, and it can consider both endogenous and exogenous variables; in the case 
studied we performed an analyses on 27 possible scenarios, which were created combining possible  
outcomes of the three main parameters: average costs of capital, overall costs and fuel escalation rate.  
The results are outlined in the table below:
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Fig. 2: Spider Graph



The  analysis  shows  once  again  the  importance  of  financing  conditions  for  a  nuclear  plant  
investment. In fact, almost all the scenarios that present a competitive LCOE of 5 cents/kWh or less  
(in green in the table), have in common the best case scenario for the cost of capital. 

In order to use this analysis as a decision support tool, for forecasting purposes, we need to assess  
probability distributions for each of the subsets. In this way it is possible to calculate a scenario-
weighted expected cost, which considers also the uncertainty in the estimations. For a preliminary 
analysis, we can assume each of the scenarios to be equiprobable, since we do not have any other  
information; in this case, having 9 probable scenarios out of 27 means a 33% probability of having a 
competitive costs. Once again, this value has to be used with caution, since its prediction it is heavily  
dependent on the model and on the hypothesis on which it was built.

4. Conclusions

The model implemented in this thesis shows that in financial terms, nuclear energy still is not a viable 
option  in  Portugal.  The  analysis  has  shown  that  the  current  generation  alternatives  have  more 
competitive prices so far. However,  this model alone cannot be used as a decision tool: in fact, it  
concerns merely the financial  analysis of a possible project  of a nuclear reactor. Despite that, the  
relevance of the model has been demonstrated by allowing to calculate what would be the cost of  
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producing electricity in a hypothetical nuclear power plant in comparison with the current generation 
alternatives  in  Portugal.  Furthermore,  it  also  allowed  to  check  how  robust  these  results  are  to 
uncertainties in the estimation of its parameters. In order to make an educated decision, politicians and 
investors should investigate also on the other “non-economical” costs involved in a project of this 
kind, such as environmental and costs; possible problem that can be addressed are:

• How nuclear could fit in the electricity grid?
• How would electricity produced through nuclear energy be regulated (will  it  be sold and 

purchased  on  the  free  market,  or  through  a  last  resort  supplier  like  special  regime 
generation?)

• How competitive will renewable energies be in the nearby future? Is it possible to have both?
• How long will the fossil fuels supplies last?

Within the next few years, nuclear does not seem to be a viable alternative for Portugal. In the future  
though, once the current thermal plants will finish their life cycle, and carbon-free solution will have 
to be implemented, nuclear will probably be taken in consideration again.
5. We do not intend to answer all these questions through our model; its scope is to be used as  
decision support tool, which will help defining the financial aspect related to this kind of decision.
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