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Resumo 

A escassez de energia, o aquecimento global e as alterações climáticas levaram a um aumento do uso de 

fontes de energia renováveis. É esperado que o uso de Geradores de Energia Eólica Offshore (GEEO) 

aumente substancialmente num futuro próximo e se torne uma das principais fontes de geração de 

energia. Este documento avalia o potencial econômico de um projeto de investimento em GEEO, aplicado 

ao caso Português. 

A principal contribuição deste documento é a prova de que não há regime remuneratório capaz de 

promover adequadamente projetos associados a GEEO. Apenas sob cenários favoráveis, o valor criado por 

esses projetos é positivo. A implementação em Portugal de GEEO está altamente dependente de subsídios 

e politicas promovidas pelo governo, que deve implementar soluções tarifárias específicas para os GEEO. 

As opções possíveis são o estabelecimento de tarifas bonificadas mais elevadas durante todo o período 

operacional do projeto, ou restabelecimento de certificados verdes transacionáveis combinados com uma 

remuneração adicional do mercado da eletricidade. Analisando em detalhe, os equipamentos disponíveis 

no mercado para implementar projetos de investimento em GEEO, o documento concluiu que o Perfil de 

Velocidade do Vento e Remuneração Tarifária exibem uma relevância predominante neste tipo de 

projetos. Como esperado em projetos de investimento de longo prazo, o Custo de Capital e os Custos de 

Operação e Manutenção também pode alterar a viabilidade do projeto de uma forma relevante. 

Palavras-chave: Fontes Renováveis de Energia, Certificados Verdes, Perfil de Velocidade do Vento, 

Tarifas Bonificadas, Custo de Capital, Custos de Operação e Manutenção.  



 
 
 

Abstract 

Energy shortage, global warming and climate changes led to an increase in the use renewable energy 

sources. Offshore Wind Power Generation (OWPG) is prospected to increase substantially in the near 

future and become one of the major sources of energy generation. This document appraises the economic 

potential of an OWPG investment project, applied to the Portuguese case framework.  

The main contribution of the document is the evidence that there is no tariff scheme effectively capable to 

properly promote OWPG projects. Only under extreme favorable scenarios, the value created by these 

projects is positive. The adoption in Portugal of OWPG projects is highly dependent from the government 

grants and politics, which should state specific tariff solutions to OWPG. The feasible options are 

establishing higher Feed-in Tariffs over the entire project operational period or reestablishing Tradable 

Green Certificates combined with an additional remuneration from the electricity market. Analyzing in 

detail, the equipment available in the market to implement OWPG investment projects, the document 

found that the Wind Speed Profile and Remuneration Tariff display predominant relevance in this kind of 

projects. As expected in long term investment projects, the Cost of Capital and Operational and 

Maintenance costs may also change the project feasibility in a relevant manner.  

Keywords: Renewable Energy Sources, Tradable Green Certificates, Wind Speed Profile, Feed-in Tariffs, 

Cost of Capital, Operational and Maintenance costs. 
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1 Introduction 

1.1 Topic´s Relevance and Motivation 

The use of economic valuation methods to assess environmental impacts of projects and policies has 

grown considerably in recent years. However, environmental valuation appears to have developed 

independently of regulations and practice of environmental impact assessment (Lindhjem et al., 2007). 

Infrastructure projects represent major investment and construction initiatives with attendant 

environmental, economic and social impacts across multiple scales. To date, while sustainability strategies 

and frameworks have focused on wider national aspirations and strategic objectives, it is noticeably its 

weakness in addressing micro-level integrated decision making in the built environment, particularly for 

infrastructure projects (Morrissey et al., 2012). 

Most of the researches have focused on optimizing financial performance, i.e, minimizing costs and 

maximizing profits. There is a growing awareness among firms, citizens, and policy makers of the 

importance of environmental performance as well, and there is an expanding body of research designed to 

measure and optimizes environmental performance (Sloan, 2011). Economic uncertainties and ongoing 

technological progress stress the significance of properly performing economic analysis (Karsak & Tolga, 

1997). 

Energy shortage, global warming and climate change led to an increase in the use of alternative sources of 

energy, with Renewable Energy Sources (RES) playing a fundamental role in this new energetic paradigm. 

However, the investment costs often constitute a major barrier to their spread use. Moreover, the overall 

benefits of Renewable Energy (RE) technologies are often not well understood and consequently they are 

often evaluated to be not as cost effective as traditional technologies (Fernandes et al., 2011). Energy 

plays an important role in social and economic development. With the dramatic increase in energy 

consumption, the energy supply-demand contradiction has become increasingly prominent. Energy 

supply security has become the focus of universal attention. So, the research of the energy supply–demand 

problem has important practical significance for economic development and energy strategic planning 

(Sun et al., 2012). 

Wind energy has experienced dramatic growth over the past decade. A small fraction of this growth has 

occurred offshore, but as the best wind resources become developed onshore, there is increasing interest 

in the development of offshore winds (Namik & Stol, 2011). Wind energy has received a lot of attention 

lately as one of the most promising and economically feasible technologies for clean power generation. 

Wind power is one of the cleanest types of power available, and can be currently cost competitive with 

fossil fuels, depending on siting. Strong winds regularly blow over the oceans, winds over the ocean attain 

higher speeds and are less turbulent than winds over land, and no landforms block accessibility of the 

wind over the ocean (Robin & Rod, 2002). 
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Currently a paradox exists within the offshore wind energy landscape whereas both development activity 

and capital costs have been growing simultaneously industry wide. Industry wide stakeholders aspire to 

see the overall costs of offshore wind energy decline as a result of combining technological learning 

experience in manufacturing and installation gains, economies of scale, entrance of new market 

participants intensifying competition, and more efficient industry practices (Weaver, 2012). Offshore 

wind electricity generation is prospected to increase substantially in the near future at a number of 

locations, like in the Baltic, Irish and North Sea, and emerge at several others. The global growth of 

offshore wind technology is likely to be accompanied by reductions in wind park construction costs, both 

as a result of scaling and learning effects (Van der Zwaan et al., 2012). 

Wind power has a significant contribution to make in efforts to abate Carbon dioxide emissions from 

global energy systems. Currently, wind power generation costs are approaching similarity with costs 

attributed to conventional carbon based sources of energy, but the economic advantage still rests 

decidedly with conventional sources. Therefore, there is imperative to ensure that Wind Power Projects 

(WPP) are developed in the most economically optimal fashion (Valentine, 2011). 

1.2 Problem Definition and objectives 

Due to depletion of the fossil fuels, leading to acute shortage of energy production from the conventional 

sources, there is an upsurge in utilization of the non-conventional energy resources like wind, solar, 

biomass. Offshore Wind Farm (OWF) is expected to become a major source of energy globally due to its 

several advantages. The major utilization of OWF is remarkably visible in European countries and some 

parts of the United States (Perveen et al., 2014). Electric power from wind energy is quite different from 

that of conventional resources. The fundamental difference is that the wind power is intermittent and 

uncertain. Therefore, it affects the reliability of power system in a different manner from that of the 

conventional generators (Wen et al., 2009).  

So, it requires an adequate analysis to deal with its specific characteristics. Many studies pertaining to 

market development in Offshore Wind energy have either focused on either subsidy support framework 

mechanisms or capital cost structural factors. However, little attention has been given in the academic 

field to the profitability to Offshore Wind exploitation. Therefore it is worthy of intensive investigation to 

seek to understand what the financial merits of Offshore Wind energy are based upon the analysis of 

empirical evidence from some of the first commercial scale project sites (Weaver, 2012). 

A feasible economic evaluation for Offshore Wind Power (OWP) project is determined by electricity 

production cost per time unit, Operational and Maintenance (O&M) costs, penalty costs and capital of 

investment cost. The cost of electricity in Wind Farms is influenced by economic depreciations, O&M cost, 

tax paid, energy storage components, etc.  The cost analysis also depends on the intermittency factor due 

to variation in winds peed. Further land rate, royalties and profit of the wind energy path, incentives, 

subsidies, production tax credits in the content of installation of wind energy are also to be taken into 

account for evaluation of wind farm economics (Perveen et al., 2014).  
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Taking into account all the information presented in the last paragraph, it is possible to define the 

problem as an economic evaluation. The economic assessment will be executed under the firm 

perspective, the company selected was EDP Renováveis (EDPR), a market leader in the renewable energy 

sector. To execute this economic evaluation as reliable as possible is imperative to make the assessment of 

the surroundings in which the problem takes place. Initially, it will be presented the Case Study to provide 

a proper context.  

1.3 Case study: Offshore Wind Power Project 

Significant efforts are being made on the implementation of energy and carbon mitigation policies both at 

European Union (EU) and national level. In this context, the promotion of electricity generation from RES 

has been an EU priority for reasons of environmental protection and climate change mitigation but also of 

security and diversification of energy supply, and of social and economic cohesion (Proença & St. Aubyn, 

2013). In 2009, the EU established the goal of 20% of all energy produced in 2020 should have origin from 

renewable endogenous sources. In order to reach that objective a significant investment is being done in 

new renewable technology projects. Portugal is no exception to these new challenges and has been made 

significant improvements in the usage of its natural resources to produce electric energy. As is portrayed 

in Figure 1 where is represented the increased utilization of renewable energy in the electric energy 

supply global structure. 

 

Figure 1- RES relative electricity produced in Portugal between 1999 and 2013 (APREN, 2014b). 

Last decades transformations in the Portuguese electricity system highlight the efforts to cope with the 

goals of European Climate/Energy Policy in parallel to the construction of a single European energy 

market. To this end, it is being done the replacement of the fossil fuelled generation by less polluting and 

diversified sources of fuel, such as endogenous RES and natural gas, along with investments in new and 

upgraded grids. This has contributed to the reduction of the external fuel dependence and import costs 

(Amorim et al., 2014). Historically, Portugal has had high foreign energy dependence, but from 2005 

ahead, it experienced a significant increase of endogenous energy sources used, almost doubling its power 

capacity from 2004 to 2011, including a 700% increase in wind power. Portugal has the third-highest 

penetration of wind power in electricity generation among the EU-27 countries (J. P. Gouveia et al., 2014). 
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The renewable sources of energy have taken in the last decade a key role in the national electricity mix, 

especially with the increasing number of wind farms, small hydro plants and biomass combustion in the 

Portuguese territory (Figure 2). In 2013, the production of electricity through RES represented 58.3% of 

the total electric energy consumed, considering just the national production the contribution was 61.7%. 

Due this growth of RE production in 2013, the amount of imported energy decrease 10%.  

 

Figure 2 - Power generation from RES in Portugal between 1999 and 2013 (APREN, 2014). 

Last years Portugal has made a huge investment in wind energy due to its high potential. In 2013 were 

produced 196 units, at the end the year the number of wind plants installed in Portugal were 4724 unities. 

Despite of the large investment in wind energy, this investment is almost exclusively in onshore projects. 

The current state of OWP in Portugal is limited to the WindFloat Project, produced by the startup company 

WindPlus, which outcomes from a joint venture between the following entities: EDP – Energias de 

Portugal,  Repsol, A. Silva Matos,  Fundo Apoio à Inovação and Principle Power. The WindFloat has been in 

activity since December 2011 until now and its performance presents quite positive results. 
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2 Literature Review 

2.1 Political and Fiscal Framework 

Increasing the share of RES for electricity generation has high priority in the energy strategies of many 

countries world-wide. In Europe were set ambitious targets for RES since the late 1990´s (Reiche & 

Bechberger, 2004). Until then, support policies for RES were focused mainly on Research and 

Development (R&D). Once several countries had introduced support policies or obligations for RES 

delivery (e.g. Denmark, Germany, UK, etc.), the focus shifted gradually from R&D to market deployment 

policies (Klessmann et al., 2011). However, OWP not be currently competitive with traditional electricity 

generation technologies, so its sustained development depends on national support policies (Prässler & 

Schaechtele, 2012). This topic aims to present the latest trends in the EU concerning the promotion of RE, 

with a special focus on the incentive instruments applied in Portugal.  

RES deployment instruments generally fall in two groups: primary or political instruments and secondary 

or Tax/Fiscal instruments (Mir-Artigues & del Río, 2014). This support schemes have three main goals 

(Eyraud et al., 2013):  

1. Reduce carbon emissions and avoid climate change; 

2. Improve energy security by diversifying the energy mix; 

3. Faster growth by promoting competitiveness, job creation, and innovation in new industries. 

2.1.1 Political Instruments  

In order to increase the percentage of the renewable electricity as a function of total consumption, the 

promotion of green electricity in the EU has been essentially based on three instruments (Cansino et al., 

2010):  

1. Feed-in tariffs (FIT); 

2. Quota obligations with Tradable green certificates (TGC); 

3. Tenders. 

2.1.1.1 Feed in Tariff mechanism 

FIT were implemented in 2001 under Directive 2001/77/EC, and then updated in 2009 through Directive 

2009/28/EC. The central principle of FIT policies is to offer guaranteed prices for fixed periods of time for 

electricity produced from RES. These prices are generally offered in a non-discriminatory manner for 

electricity produced, and can be differentiated according to the type of technology, the size of the 

installation, the quality of the resource, the location of the project, as well as a number of other project 

specific variables.  

This characteristic enables a greater number of investors to participate, including homeowners, 

landowners, farmers, municipalities, and small business owners (for example, the installation of solar 
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panels in households and the owned wind turbines.), while helping to stimulate rapid RE deployment in a 

wide variety of different technology classes (Couture & Gagnon, 2010). The FIT is considered as a political 

price market model, hence the price is being determined by the government and the market determines 

the quantity. A disadvantage is that there is no completion in the FIT system; therefore the energy cannot 

be achieved at the lowest price. It is under the government responsibility to fix a price of the produced 

electricity from renewable resources. An advantage of the FIT mechanism is that it reduces the investor’s 

risk. Hence the generators guarantee a fixed price with a fixed duration, which decreases the risk to 

investors (Al-Amir & Abu-Hijleh, 2013). 

This system centers on monetary compensation for feeding electricity from RES into public grids. 

Compensation rates, i.e. FITs for different technologies (methods of energy production), are usually set by 

public authorities. Electric utilities are then obliged to purchase electricity produced by renewable energy 

generators at these specific, above-market tariffs. To motivate investment in renewables, such tariffs are 

usually set for a long time-period (on average 10–20 years) to offer producers a close to guaranteed 

return on investment (Schaffer & Bernauer, 2014). FITs have been the main policy instrument applied in 

Portugal, since 1988 by means of the Decree-Law number 189/88, for the promotion of electricity 

produced from renewable energy sources under the EU directives on energy and climate regulation 

(Proença & St. Aubyn, 2013).  

2.1.1.2 Quota obligations with Tradable Green Certificates  

Quota obligations with Tradable Green Certificates (TGCs), also called Renewable Portfolio Standards 

(RPS) with Renewable Energy Certificates (REC) requires a certain percentage of electricity to be 

generated from RES, the quota obligation (Tsao et al., 2011). The government places a law on the 

electricity supply companies that specifies the amount of electricity from RES, in the case of a company 

does not meet this law will be forced to pay a fine. This mechanism will create a market with competition 

between generators, which will result in lowest price for renewable electricity. The price is determined by 

the market and the quantity established politically (Al-Amir & Abu-Hijleh, 2013). Thus, in contrast to FIT, 

where price levels are controlled by the policy-makers, TGCs are referred to as quantity control 

instrument.  

TGCs schemes can be uniform or differentiated in the granting of certificates generated per unit of 

electricity. If the scheme is uniform, all technologies receive the same amount of certificates per generated 

unit of electricity, which is not fair, given that different stages of technologies development are treated 

equally (examples are: Sweden, Belgium, Portugal and Poland). If they are differentiated, certain 

technologies receive more certificates per generated unit and others less (examples are: UK, Italy, and 

Romania). In some applications, certificates can be transferred from one compliance period to the next. 

This increases the stability of the certificate market and can help making the system more efficient an 

example is Sweden (Kitzing et al., 2012). The TGCs were implemented by the Directive 2003/87/CE of the 

EU, implemented by Portuguese jurisdiction through Decree Law number 233/2004. Then revoked by the 
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Directive 2009/28/CE (Decree Law number 38/2013 of the Portuguese jurisdiction) excluding the free 

allocation of allowances in the electricity sector from 2013 forward.  

2.1.1.3 Tenders 

In a tender process, the responsible authority launches calls for tenders for specific projects (or specific 

groups of projects) with defined amounts of capacities. Potential investors then compete to win the 

opportunity to develop the project by giving their bid for the required support level and several other 

specifications (e.g. specific timing of the project, grid positioning, and environmental impact) (Kitzing et 

al., 2012).  

Government places an obligation to take electricity from RES technologies on supply companies, which 

have been awarded contracts by the government. Generally, the lowest bids are awarded the contract 

after complying with any criteria set by the government. Many contracts in practice which have been 

awarded under these mechanisms failed because these companies consider the bids to cover future cost 

reductions (Al-Amir & Abu-Hijleh, 2013). Competition between bidders leads to the winners of contracts 

which will receive a guaranteed tariff for a specified period of time (Haas et al., 2011). Tenders were also 

implemented under EU Directive 2001/77/CE and at national level (Portugal) through Decree Law 

number 5/2008. However, Tenders are not used to promote electricity generation from RES in Portugal. 

2.1.2 Fiscal Instruments 

Tax incentives and Fiscal instruments are part of a specific policy of the EU to promote RE (Directive 

2001/77/EC), in favor non-polluting energy sources. In order to increase the effectiveness, this policy 

requires a regulatory framework that provides the sector with the necessary stability to take reasonable 

decisions about the investments required to take the EU on the path towards a cleaner, safer and more 

competitive future. The regulation of electricity tax incentives aims to contribute to the increasing of the 

RE production and to reduce the Greenhouse Gas (GHG) emissions and thus to reach the electricity 

consumption goals established (Cansino et al., 2010). Different tax related incentives are being provided 

by many governments to promote the investment in RE (Al-Amir & Abu-Hijleh, 2013).  

According with Cansino et al. (2010) the tax related instruments used can be divided into two main 

categories. Direct Taxes: Personal Income, Corporate Taxes and Property Taxes. Indirect Taxes: Value 

Added Tax (VAT), Excise duty exemptions, and other taxes. 

Other financial no tax related instrument can be identified, such as Investment Subsidies and Soft Loans. 

Investment Subsidies are granted in the beginning of the project life and can be calculated as a percentage 

of the RE output or the specific investment cost. Soft loans are usually provided by governments with a 

rate below the market interest rate. In some cases, they can significantly reduce the costs of capital. This 

promotional instrument may also allow longer repayment periods or interest holidays (Mir-Artigues & del 

Río, 2014).  
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2.1.2.1 Direct Taxes 

The exemptions included in Corporate Taxes allow for the deduction from the net tax base of a percentage 

of the investment made in systems that generate green electricity. Belgium, Greece and Spain allowed 

these deductions in Corporate Tax. Italy and Spain, had adopted tax measures, set by each municipality, 

using Property Taxes, to encourage the use of green electricity. A Personal Income tax incentive was used 

to promote electricity consumption from RES by France, Czech Republic and Luxemburg. These tax 

measures were becoming more common as it allows either tax deductions or exemptions depending on 

the source of income and the capacity installed (Cansino et al., 2010).  

Portugal does not employ any incentive of this kind, the Corporate Tax rate is 23% additionally it is 

important to consider the “derrama”, which is a local rate that needs to be added. The size of this rate will 

be function of the target municipality and taxable income, usually it range between 0.5% and 1.5% (AT, 

2014). 

2.1.2.2 Indirect Taxes 

Value added tax (VAT), as a tax common to all EU Member States is, theoretically, one of the most suitable 

indirect taxes to promote renewable energies within the framework of the European policy of supporting 

electricity generated by RES. However, in practice, only France, Italy and Portugal have chosen this tax as 

an instrument to boost renewable energies through a reduction in the VAT rate for operations related to 

green electricity in their national regulations.  

Specifically, France allows a 5.5% reduction when buying basic products related to improvements, 

changes and installation in residential buildings that incorporate technology based on solar, wind, 

hydroelectric and biomass. Italy charges a reduced tax rate (10%, rather than the usual 20%) on sales and 

services related to wind and solar power generation as well as on investments in green electricity 

distribution networks. In the Portuguese case, buying systems which generate green electricity was taxed 

at a 12% rate, in contrast to the 21% (2010) general rate. This tax incentive cost was borne by the state 

(Cansino et al., 2010). However, the Portuguese state budget for 2012 included an increase to 23% in VAT 

applied to acquisition of RE equipment, Decree-Law number 64-B/2011. The change will discourage 

further investment in technologies (APREN, 2011). 

Germany, Denmark, Romania, Slovakia, Sweden and Poland used Excise duty exemptions as a measure to 

encourage the use of renewable electricity. In general, the justification used by these countries for Excise 

duty exemptions is based on the consideration that this energy tax is an environmental one, and also on 

the fact that renewable energy does not cause environmental damage (van Beers et al., 2007). This 

measure also helps with the aim of reducing the higher prices of production of this type of energy, as in 

the case of biofuels sales (Bomb et al., 2007). 



9 
 

2.2 Electricity Generation Market  

2.2.1 Market Regulatory Framework and Design 

Regarding the energy generation market in Portugal is possible to identify three main milestones, 

concerning its regulatory framework and design. 

1. The market liberalization process; 

2. The creation of the new Iberian Electricity Market (MIBEL); 

3. Electricity Production Structure reformulation. 

2.2.1.1 Market Liberalization 

In 1995, the EU published a White Paper giving the following goals of the European energy policy: overall 

competitiveness, security of energy supply and environmental protection. The liberalization of the 

internal market for electricity (Directive 96/92/EC) was stated as a primary and central aim (Ferreira et 

al., 2007). The electricity liberalization processes were conducted in the majority of EU countries in a 

phased way, starting with the clients subject to high levels of consumption and voltage. In Portugal the 

same procedure was adopted, the market liberalization process was conducted in a progressive manner 

between 1995 and 2006. Since 4 of September 2006 the market have been fully liberalized, and all 

electricity consumers can select their supplier, according to Directive 03/54/CE (ERSE, 2009).  

Between 1995 and 2006, the Liberalization of the Portuguese electricity market was based in a model, 

which established the existence of a dual system for electricity trade at the wholesale and retail level. In 

fact, the Portuguese electricity market comprised a Public Electricity System (PES) and a liberalized 

system, called Independent Electricity System (IES). A Special Regime System (PRE) was also created for 

renewables and co-generation, under which producers benefited from FIT with buy back obligation by the 

network operators. In 2006, the dual regime was totally abolished in favor of the free market approach 

(AC, 2010).   

2.2.1.2 Iberian Electricity Market (MIBEL) 

The MIBEL development process commenced in July 1998 with the signing of a memorandum of 

understanding between the Portuguese minister of economy, the Spanish minister of industry and energy 

for cooperation in the electricity sector (Directive 98/26/CE). In January 2004, an agreement creating the 

MIBEL was signed in Lisbon, accelerating the creation of a single market for both countries. The MIBEL 

became operational on July 2006, Decree-Law 29/2006, with the goal of improving security of supply and 

economic efficiency. A single market operator was created, allowing any consumer within the Iberian zone 

to acquire electricity from any generator or retailer that is licensed either in Portugal or Spain. This 

agreement included an intra-day market, managed by the Iberian Energy Market Operator (OMEL) located 

in Spain; a future market platform managed by The Iberian Energy Derivatives Exchange (OMIP) placed in 

Portugal (IEA, 2009). 
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With the MIBEL implementation the pre-existing Power Purchase Agreements (PPAs) that prevailed in 

Public Electricity System (PES) were extinct and replaced by a Compensation Scheme called CMECs. The 

aim of CMECs payments is to equalize revenues under market conditions previously guaranteed by the 

PPAs. CMECs payments are therefore variable and dependent on market prices. Its aim is to secure the 

revenues of the power plants that early terminated their PPAs. One of the effects of these CMECs 

payments is that the incumbent generator will be immune to markets prices for most of its generation 

capacity, while it still retains the ability to influence market prices (AC, 2010). 

2.2.1.3 Electricity Production Structure 

The following modifications in the Electricity Production Structure are close linked with Market 

Liberalization process. Before the market liberation in 1995, the National Electricity System (NES) was 

composed only by a PES, the electricity supply was of the sole responsibility of EDP, a state owned 

vertically and horizontally integrated company (Amorim et al., 2013). Between 1995 and 2006 the market 

was under a transition phase, from a PES to a fully liberalized one. During that period, both systems (PES 

and IES) co-existed together. The PES comprised all the power plants owned by EDP, as well as two 

independent producers: one owned by Tejo Energia, and the other propriety of Turbo Gás. All these 

generators sold power to the transmission company, National Electricity Network (REN), through long-

term PPAs (Amorim et al., 2013). 

The IES comprised two main components: 

1. Special Regime Production (SRP), which included the small hydrogenation, the cogeneration and 

the production from other renewable sources (Ferreira et al., 2007). The SRP sold power directly 

to REN, under special FIT decided by the government under a system put in place, since 1988 

(Amorim et al., 2013). 

2. Non-Bidding Electricity System (NBES). The NBES is organized as a non-regulated market system 

with free access to the production, distribution activities of medium and high voltages. It 

comprises the non-binding producers, distributors, suppliers and clients. The non-binding 

producers and clients may use the PES transmission and distribution grids on payment of a 

regulated tariff (Ferreira et al., 2007). 

 

Since 2006, electricity generation in Portugal suffered a new framework reformulation, with fully market 

liberalization. There are now two regulatory regimes fragmented in the following manner: Ordinary 

Regime (OR) and Special Regime (SR) (IEA, 2009). 

2.2.1.3.1 Ordinary Regime 

The Ordinary Regime refers to the generation of electricity through traditional non-renewable thermal 

sources and large hydroelectric plants (IEA, 2009). The OR is composed by the following players (Amorim 

et al., 2013):   
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1. Previous incumbent EDP, which is the country largest electricity generator, with the power plants 

and some additional thermal and hydro units without such guarantees, operating on a free 

market basis;  

2. Two thermal independent power producers, Tejo Energia (Pego) and Turboga´ s (Tapada do 

Outeiro), who still keep their PPAs. 

2.2.1.3.2 Special Regime 

In the SR generation is used alternative endogenous and renewable sources of energy for electricity 

generation and co-generation. SR generation is subject to different licensing requirements and benefits 

from special FITs.  Under the new electricity framework, the last resort supplier (currently EDP Universal 

Service) is obliged to purchase all electricity generated under the special regime (IEA, 2009). The SR is 

composed by a myriad of players using different technologies and belonging to several promoters with 

different market shares. SR generators sell their output at a guaranteed price through FIT, varying 

according to technology and to the applicable FIT regime (Amorim et al., 2013).  

2.2.2 Electricity from Renewable Energy Compensation in Portugal 

The relevance assigned to RE remuneration in Portugal started in 1988, through Decree-Law number 

189/88. In 1999, under Decree Law number 168/99 was defined a compensation scheme similar to 

equation (1), but without the discrimination according with the source of energy set by coefficient Z.  So 

from this point forward, the electricity producers from renewable endogenous sources started to be 

compensated for each MWh generated, without any temporal constraints, the environmental benefits 

were established as permanent. Later on, Decree-Law number 339-C/2001 presented an update to the 

previous compensation scheme. Adding a Z factor, which allow discriminate the remuneration according 

with the technology, equation (1). Until then all the RES were compensated equally (Cardoso, 2007).  

Decree Law number 33-A/2005 submitted amendments to Decree Law number 168/99, adding time 

constraints to the remuneration applied. From that point ahead, electricity generators from wind power 

are limited by a time period of 15 years, starting from the point when electricity arrives to the grid coming 

from the wind farms. From that period forward, the remuneration of wind farms is done through regular 

market prices and sell of TGC (IEA, 2009). 

                                               
       

      
  

 

     
                         (1) 
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        Index of consumer prices, homeless on the continent, for the previous month to the beginning of the supply of 

electricity to the grid by renewable plant; 

                                                                            

 

In 2010, Decree Law number 51/2010 allows the increase in wind power installed capacity, without an 

underlying increase in the grid connection power. This increase is limited by a 20% quota of the licensed 

injection capacity. Decree law number 286/2011 attributed to experimental offshore wind projects using 

floating platforms (especially created to Windfloat project) the value of 1.67 to the Z coefficient, yielding a 

tariff of 164 €/MWh. Contingent on limited installed power of 2 MW until first 6 GWh delivered to the 

grid, or for a period of two years, whichever occurs sooner.  

The agreed measures in the context of the understanding memorandum between Troika and Portugal and 

Decree Law number 25/2012 suspended the attribution of new licensees to the SRP, with the exception of 

national interest cases. Still under the memorandum´s agreement was established Decree Law number 

35/2013. It proposes the payment of an annual compensation to the Electric National System (SEN) by the 

SRP, under the previous regime Decree Law 33-A/2005. In return, is conceived an extension to the 

subsidized tariff to an additional period of 5 or 7 years to the previous accorded period. The enlargement 

time and tariff depends on the scheme chosen by the producer (Colaço, 2013). Thus, with the Decree-Law 

number 35/2013 in the end of the period of guaranteed compensation, the owners of wind power plants 

can choose between: 

1. Application for an additional period of five years, a tariff corresponding to the market price value, 

with the minimum and maximum reference values of 74 €/MWh and 98 €/MWh, respectively. 

Upon an agreed annual payment of 5000€/MW during eight years to SEN; 

2. Application of the same five years period and annual payment of 5000€/MW during eight years, a 

tariff corresponding to the market price value, with the minimum reference value of 60 €/MWh; 

3. Application for an additional period of seven years, a tariff corresponding to the market price 

value, with the minimum and maximum reference values of 74 €/MWh and 98 €/MWh, 

respectively. Upon an agreed annual payment of 5800€/MW during eight years to SEN; 

4. Application of the same seven years period and annual payment of 5800€/MW during eight 

years, a tariff corresponding to the market price value, with the minimum reference value of 60 

€/MWh. 

It should be emphasized that subscription to any of these alternative schemes involves the payment of an 

annual compensation to the SEN during the eight-year period (between 2013 and 2020 included). After 

the deadlines stated above, the electricity generated should be sold on a regular market basis, without any 

constraints in the access to the TGC system, which can eventually exist. The transition to the market for 

sale is final, forcing the replacement of the operating license for a new license. 



13 
 

2.2.3 Carbon Market 

2.2.3.1 Carbon Problematic 

Conventional energy systems involving combustion of fossil fuels in air are nowadays major contributors 

to atmospheric emissions of the main GHG, Carbon Dioxide. These energy systems are thus 

environmentally inefficient because it generates unwanted wastes. Emitted Carbon Dioxide adversely 

affects natural carbon cycles by mostly irreversible accumulation in the atmosphere. Therefore, a 

transition towards less Carbon Dioxide intensive energy systems is urgently needed in order to mitigate 

climate change (Budzianowski, 2012). The increased concentration of GHG in the atmosphere is now a 

generally accepted fact among scientists. More important is the consensus that the concentration is largely 

due to human activity and increased concentration is directly linked to the phenomena of global warming 

and climate change. Actions should be taken, the earth’s average surface temperature could rise by 4°C by 

the year 2100, which could result in catastrophic effects (Guðbrandsdóttir & Haraldsson, 2011). 

2.2.3.2 European Carbon Market 

In 1992, Rio (Brazil) over 160 governments signed an international treaty United Nations Framework 

Convention on Climate Change (UNFCCC) that aimed reduce global warming and formulate strategies to 

deal with the inevitable increase in temperature (N. Gouveia & Mesquita, 2001). In December 1997, the 

Kyoto Protocol was adopted, setting limits on the GHG emissions of industrialized countries. The EU 

agreed to reduce its emissions of GHG by 8% during the period 2008–2012 in comparison to their 1990 

levels (Borrego et al., 2005). To help developed countries achieve parts of their emission reduction 

commitments, Kyoto protocol proposes three flexible market based mechanisms (Kockar et al., 2009): 

1. Emissions Trading System (ETS) – which is a scheme that allows participating developed 

countries to establish limits on pollution in a form of allowances. These allowances can then be 

either used or traded in emissions markets; 

2. Joint implementation (JI) – represents an investment in an emission reduction project which is 

based in another industrialized country. Financing such a project a company and/or country can 

earn additional emission allowances; 

3. Clean Development Mechanism (CDM) – represent investments made by industrialized countries 

in projects based in a developing country, which are not subject to Kyoto targets. Again, these 

emission reduction projects earn their investors additional emission credits. 

 

The EU abatement compromise was formalized in 2002 through Directive 2002/358/CE, and later on, in 

2003, by the European Directive 2003/87/EC, which created the European Union Trading Scheme (EU-

ETS) (Tomás et al., 2010). On January 1st 2005 the EU ETS, the first international trading system of its 

kind, was launched. The EU ETS is a cap and trade system where overall emission levels are capped but 

members are free to buy or sell emission allowances as needed. It is currently the largest multi-country, 

multi-sector emission trading scheme in the world (Guðbrandsdóttir & Haraldsson, 2011). 



14 
 

The concept of emission trading scheme is based on the idea of creating a property rights system, or 

allowances, who grants, to who owns them, the right to emit a unit of a certain pollutant. These allowances 

may be considered as production inputs, such as any other raw materials or even energy, therefore having 

a market price and being traded as any other commodity. As the number of allowances is limited, 

implicitly or explicitly, its value is defined as a result of its availability (Tomás et al., 2010). 

The EU ETS is based on six fundamental principles (Robaina Alves et al., 2011): 

1. It is a ‘‘cap-and-trade’’ system, defining the maximum amount of emissions, and sources can buy 

or sell allowances on the open market at European level; 

2. It is focused on Carbon Dioxide from large industrial emitters; 

3. Implementation is taking place in two phases (2005–2007 and 2008–2012) with periodic 

reviews;  

4. Emission allowances are decided within national allocation plans; 

5. It includes a strong compliance framework; 

6. The market is EU-wide but picks emission reduction opportunities in the rest of the world 

through the use of the CDM and JI, and it also provides links with compatible systems in third 

countries. 

2.2.3.3 Carbon Market in Portugal 

In the context of international commitments, in particular the Kyoto Protocol, Portugal took the objective 

of limiting their emissions of GHG by 27% in the period 2008-2012, when compared with the values from 

the 1990´s. To fulfill this goal were developed the following tools (N. Gouveia & Mesquita, 2001): 

1. The National Program for Climate Change (PNAC), which defines a set of domestic policies and 

measures that aim the reducing GHG emissions by different sectors; 

2. The National Allocation Plan for Emission Allowances (PNALE), which is applicable to a range of 

facilities strongly emitting GHG, and included in the EU ETS; 

3. The Portuguese Carbon Fund (FPC), which aims to develop activities for the crediting of GHG 

emissions, in particular by investing in the flexibility mechanisms of the Kyoto Protocol. 

2.2.3.3.1 The National Program for Climate Change 

Since 2006, the application of PNAC is monitored two times a year by the proponents of each measure 

ministries in collaboration with the Executive Committee of the Committee on Climate Change created 

through the Resolution of the Ministers Council number 104/2006 and the updated number 1/2008. In 

the case of detecting deviations from the predicted in different measures, the Ministry responsible for the 

subject matter shall develop contingency plans. The PNAC covers the following sectors: Energy, 

Transports, Forest, Agriculture, and Waste (N. Gouveia & Mesquita, 2001). 
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2.2.3.3.2 The National Allocation Plan for Emission Allowances 

The PNALE defines the arrangement for the distribution of allowances to installations covered by the EU 

ETS (Decree-Law number 387/2006). The PNALE should result in a reduction effort for installations 

covered by the EU ETS, since the value assigned for the period 2008-2012 is lower than verified emissions 

in facilities in the years 2005-2007. It is argued that the amount allocated to the reserve for new 

installations not used will be canceled (APA, 2014b). 

2.2.3.3.3 The Portuguese Carbon Fund 

The Portuguese Carbon Fund (FPC) was created in 2006 (Decree-Law number 71/2006) within the 

Ministry of Environment and Spatial Planning. Currently, the Portuguese Carbon Fund works with the 

Environment Portuguese Agency (APA). The FPC main purpose is to contribute to achieving the goals, 

which the Portuguese state has pledged when ratified the commitments and policies of the Kyoto Protocol 

through the following lines of action (APA, 2014a): 

1. Crediting emission of GHG generated under the flexibility mechanisms of the Kyoto Protocol CDM, 

JI, and International ETS; 

2. Support projects in Portugal that promote  a reduction of GHG emissions; 

3. Support for infrastructure projects accounting for emissions; 

4. Promoting the participation of public and private entities in the flexibility mechanisms of the 

Kyoto Protocol; 

5. Support projects under the Portuguese Immediate Deployment Initiative (fast start). 

2.3 Discounted Cash Flow (DCF) 

The approach used in the Wind Power economic appraisal may be based on a Discounted Cash Flow (DCF) 

analysis. This method of calculating the value of RE technologies is based on DCF´s (annual, quarterly or 

monthly) to a common basis, taking into consideration the time value of money (IRENA, 2012). To 

determine the profitability of the national OWP scenarios, Prässler and Schaechtele (2012), applied 

standard DCF model. The model discounts the cash flows costs and revenues spread over the life time of 

an OWP to a base year. The DCF approach generally allows for calculating of three different types of 

profitability parameters: Net Present Value (NPV), Profitability Index (PI) and Internal Rate of Return 

(IRR).  

Gillenwater (2013) used a DCF model to conclude that the investment decision of a WPP developed in the 

United States was unlikely to be changed considering the market of REC. Kumbaroğlu et al. (2008) 

performed a techno-economic evaluation of a WPP, with the use of a DCF model, to assess the project’s 

viability, given Duqm’s (Turquey) wind profile and the power curve characteristics of a V90-1.8 turbine. 

As a conclusion were recommended FIT and capital cost allowance policies to facilitate investments in 

that sector. 
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Ertürk (2012) developed a model to conduct an economic analysis an onshore WPP in Turkey, calculating 

NPV under its regulations and uncertain environment. The results show that an energy potential of about 

13 GW having a wind speed of 7.5 m/s or higher can be utilized profitably with the current FIT, however 

considering a capacity of more than 100 GW cannot be utilized economically. As portrayed in last 

paragraphs DCF methods are worldwide used to evaluate WPP investments 

3 Methodology 

3.1 Offshore Wind Power Revenues 

3.1.1 Energy Production 

Offshore winds are generally stronger and more constant than onshore winds. As a result, turbines are 

expected to operate at their maximum capacity for a larger percentage of the time, and the steadiness of 

wind speed reduces wear on the turbine and provides a more constant source of power to the electrical 

grid. Since wind power is function of wind velocity, the velocity of the air is likely to be the most important 

factor in determining the location of offshore wind farms and their profitability. The value of energy is also 

determined by the time of the day in which these winds blow. Electricity is not equally valuable 

throughout the day and developers interested in site selection need to know not just the mean annual 

wind speed, but the time of day and time of year in which the wind is strongest. Revenue is determined by 

costs of energy at the local level (Snyder & Kaiser, 2009). 

In this Dissertation is used a probability distribution, function, Weibull distribution to describe the wind 

profile pattern, its usage is quite widespread by academics to represent wind speed profile. For instance 

Safari and Gasore (2010) recommends this distribution for the easy estimation of its parameters to 

approximate the empirical distribution of wind observations. The Weibull Probability Density Function 

(PDF) is given as function of the wind speed (u), by equation (2).  
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f(u): Wind profile Weibull PDF;  : Wind speed (m s-1); k: Dimensionless shape parameter;  

c: Scale factor (m s-1);    Natural logarithm base. 

The Weibull Cumulative Density Function (CDF) can be expressed according to equation (3). 
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F(u): Wind profile CDF;  : Wind speed (m s-1); k: Dimensionless shape parameter;  

c: Scale factor (m s-1);    Natural logarithm base. 
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One of the most used indicators for the wind power production is the average wind speed (     , 

according with equation (4) 

                                                             ∑   
 
                                   (4) 

    : Average wind speed (m s-1); f(u): Weibull PDF; u: Wind speed (m s-1). 

Equation (5) portrays the wind speed variance (  ). 

           ∑          
      

           (5) 

  : Wind speed variance (m2 s-2);     : Average wind speed (m s-1); f(u): Weibull PDF; 

 u: Wind speed (m s-1). 

Equation (6) portrays the wind speed standard deviation ( ). 

          √∑          
      

             (6) 

 : Wind speed standard deviation (m s-1);     : Average wind speed (m s-1); f(u): Weibull PDF; 

 u: Wind speed (m s-1). 

 

3.1.1.1.1 Basic Physical principals 

The theoretical power P [W] transported by an airstream is computed function of air density   flowing at 

speed u through a swept area A. Betz in 1926 defined the maximum efficiency limit in 59.3%, introducing 

a correction factor (   =0.593) contemplated in equation (7). Resulting in the maximum theoretical power 

formula, without any losses consideration thus an upper bound (Villanueva & Feijóo, 2010).  

         
 

 
            (7) 

P (u): Power produced (W);  : Wind speed (m s-1);  : Air density (Kg m-3); 

  : Area of the airstream (m2);                                

However, the remaining 40.7% power is not completely converted by the wind turbine, the power 

extraction not depends only on the presented wind resource, but additionally upon technical features of 

the wind abstraction mechanism. So, the real    factor is lower, traducing the losses occurring in the 

turbine mechanism(Omer, 2008). The    range depends the wind speed is usually provided by the wind 

turbine manufacturer.     

3.1.1.1.2 Power Curve 

The power curve (also known as performance graph) of a wind turbine expresses the relationship 

between range of wind speeds and the theoretical power output produced by a turbine operating at 
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maximum power capacity considering cut-in and cut-out limits (Villanueva & Feijóo, 2010). Figure 3 

represents a representative wind turbine power curve. 

 

Figure 3 - Generic wind turbine power curve (Ackerman, 2005). 

Within a wind turbine power curve, it is possible to identify four distinct regions (Ackerman, 2005): 

1. A low wind speed region between null wind speed and cut-in wind speed, at which the turbine 

starts to operate; 

2. Between the cut-in speed and rated output speed, the power produced is proportional to the cube 

of the wind speed, as stated in equation (7). The maximum power can be reached (between 12 

and 16 ms-1, depending on the design of the individual wind turbine), usually there is no pitch 

control in this phase; 

3.  Between the rated output speed and the cut-out speed, the maximum power production is 

limited, the power output regulation can be achieved with pitch control; 

4. Beyond the cut-out wind speed, the wind turbine stops production for the security of the 

structure. Typically, the cut-out wind speed is in the range of 20 to 25 ms-1, depending on the 

design of the individual wind turbine. 

3.1.1.1.3 Annual Energy Production Calculation 

The estimated Annual Energy Production (AEP) [MWh] is computed through the integration of the 

product between the wind profile of the specific place described by the Weibull PDF f(u) and the 

power curve      of the selected turbine (Guzzi & Justus, 1988). However, as both wind distribution 

and power curve are discretized, it is possible employ a simplification to the previous expression, as 

displayed in equation (8). 

         ∫            
        

        
            ∑            

        
        

 (8) 

AEP: Annual energy produced; 8760: Number of hours per year; f(u): Wind profile Weibull PDF; 

 P(u): Turbine Power curve. 
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3.1.2 Non-energy Revenue 

Energy sales are not the only potential source of revenue for OWPG, depending on the market other 

sources can include capacity, reactive power, black-start capability, fast-response reserves, and TGC. 

Revenues from reactive power, black-start capability, and reserves are not significant, so its contribution 

is not considered. On other hand, revenues from capacity and TGC are significant (Levitt et al., 2011). 

Quota obligations with TGC laws require electric utilities to buy green certificates from RE generators 

such as OWP plants. These TGC sales afford a significant additional source of revenue. However, the 

remuneration in line with Decree Law number 189/88, cannot combine FIT remuneration with other 

promoting schemes to boost the electricity production from RES, namely from TGC transaction associated. 

Furthermore, Decree Law number 38/2013 excluded the free allocation of allowances in the electricity 

sector from 2013 forward. Until then, TGC could be combined with electricity remuneration at regular 

market prices.  

The remaining revenues will not be considered, given its little literature reference. 

3.2 Offshore Wind Power Cost  

OWP production is based on the same technology and physical principles as onshore wind. Despite that, 

the costs of wind developments on land and sea are very different. The main offshore components can be 

considered as conventional machinery and structures, but the harsh environment at sea sets more strict 

criteria to equipment and the construction of the foundations (Salo & Syri, 2014). 

There were found in the literature several ways of divide the cost structure of an OWP production site, as 

well as different percentages associated with each cost categories, the cost are usually divided in three 

main categories. According to Madariaga et al. (2012), the costs for the production of electricity in OWP 

plants can be widely classified into three categories: investment costs, O&M costs and network connection 

costs. The National Renewable Energy Laboratory (NREL) stats that the overall economics of offshore 

turbines depend on project life cycle costs, including the capital investment, O&M costs, cost of fuel (zero 

for wind projects), and cost of capital (Musial & Ram, 2010).   

Blanco (2009) divided the cost structure in four classes: the capital investment cost; O&M costs, including 

other categories such as land rental, insurance, taxes and administration; the cost of electricity 

production, which depends on the on the local wind climate, wind turbine technical specifications, site 

characteristics and power generation reductions; finally the discount rate and economic lifetime of the 

investment, which reflect the perceived risk of the project, regulatory and investment climate associated 

with each country and profitability of alternative investments.  

Myhr et al. (2014) made a more detailed approach, the dissection of the cost structures were done 

according with following parameters: production and acquisitions of the components, installation and 

commissioning, O&M, and decommissioning. A wind turbine needs to be dismantled at the end of its 
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lifetime. Although, there is little information on dismantling costs as they are absent in many reports. The 

few reports in which dismantling costs are quantified range from assuming no dismantling costs at all 

because the residual value of the wind turbine will compensate for the dismantling cost (Prässler & 

Schaechtele, 2012).  

Cost structure breakdown is one of the main obstacle faced in this stage, the lack of universally agreed 

cost categories and the application of contradictory hypotheses regarding the items included in the 

analysis (Blanco, 2009). So, attempting suppress this problem and determine the cost of an OWP project 

as accurate as possible, it is necessary gather a considerable amount of data.  

There is always the possibility to get data from manufacturers, however their information is not easily 

accessed to general public, due to secrecy policies (Lundberg, 2002). Studies executed are based in 

manufacturer´s published reports of functional OWF, whose information is aggregated in terms of 

investment and O&M costs. Then, several authors estimated the cost breakdown, as it is portrayed in 

Figure 4.    

 

Figure 4 - Estimated cost structure breakdown from different sources. 

So, after this review of the cost structure, it was assumed the Blanco (2009) cost structure breakdown. 

Next two subchapters: Capital investment cost and O&M cost are target of a more detailed dissection. 

3.2.1 Capital Investment Costs 

Capital costs of offshore wind projects can be divided into five categories (Prässler & Schaechtele, 2012): 

1. Turbine - the turbine itself, blades and hub, tower, and all electrical components, but no 

installation or transportation cost; 

2. Foundation - manufacture of the foundation, but no installation or transportation cost; 

3. Electrical - inner park cabling, export able linking the OWP to the shore, and offshore substation 

with foundations, but no installation cost; 
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4. Installation - transportation of components, installation of turbine, foundation, and electrical 

components; 

5. Others - a variety of administrative and project related tasks, such as environmental assessments, 

engineering studies, project management, and legal advice. 

 

Wind energy is a capital-intensive technology, so most of the outgoings will be made at this stage. The 

investment cost can be as much as 80% of the total cost of the project over its entire lifetime, with 

variations between models, markets and locations (Blanco, 2009). Figure 5 depicts a tentative cost 

breakdown of a wind energy investment in Europe. 

 

Figure 5 - Capital cost breakdown for an offshore wind farm (Blanco, 2009). 

The difficulty in collect data from OWP cost led to the intention to execute an estimation of the costs 

involved in an OWP project, based in publicated case studies. Therefore, it was decided to provide a 

historical context of the technology cost evolution, figure 6, as well as the most relevant factors 

contributing to their definition. 

 

Figure 6 - Offshore wind power costs (past and evolution)(Green & Vasilakos, 2011). 

From the 1980´s to the early 2000´s, general wind energy project’s capital costs dropped significantly. For 

instance, in Denmark capital costs achieved their lowest level in 2003, more than 55% below the levels 

seen in the early 1980´s (Lantz et al.). Countercurrently with recent studies, Madariaga et al. (2012) and 
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Salo and Syri (2014) among others discovered evidence of an increase in OWP capital investment costs, 

something not to intuitive at first, since learning curves and economies of scale should drive down 

investment costs. However, there are several economic and market conditions that explain the increase in 

investment costs (Levitt et al., 2011). It is possible identify some factors that contribute to this cost 

increase, such as (Musial & Ram, 2010): 

1. Increased supply-chain bottlenecks 

2. Higher profit margins for turbine original equipment manufacturers (OEMs) and wind project 

developers 

3. Increased knowledge of technical risks gained from developing and operating offshore wind 

projects (e.g., logistics, reliability) 

4. Increased complexity in siting, engineering, and building offshore wind projects (larger capacity, 

increasing depth, increasing distance from shore) 

5. Higher raw material, labor and commodity costs 

Despite this recent increase in wind power generation capital costs, the long-term forecasts indicate 

significant reductions (Blanco, 2009). 

The data scarcity associated with this sort of project yield to a search for instruments to overcome this 

challenge. Multilinear Regression (MLR) appears as a tool able to provide an interesting solution to this 

problem. MLR is a data analysis procedure used when there are more than one explanatory variable to 

“predict” the dependent variable (investment cost). Equation (9) represents the multilinear regression 

generic model. 

                          (9) 

y: Expected value of the dependent variable;    : The constant term;   :Explanatory variables; 

   : Estimated regression coefficients:  : The residuals.  

Analyzing MLR outputs is important to assess several factors. The Adjusted R2 closer to 1 represents a 

better fit. Small Significance F (close to zero), P–Value (small than the considered significance level) and 

considerable tStat (as huge as possible) represent strong evidences against the null hypotheses. 

3.2.2 Operation and Maintenance Costs 

Wind turbines, like any other industrial equipment, require O&M, which constitutes a sizeable share of the 

total annual costs. Although the amount of costs is substantially lower than for fossil fuel electricity 

generating technologies. In addition, other variable costs need to be incorporated to the analysis. The 

most important variable costs of a wind energy investment are (Blanco, 2009): 

1. O&M, including provisions for repair and spare parts and maintenance of the electric installation; 

2. Land and sub-station rental; 

3. Insurance and taxes; 
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4. Management and administration, including audits, management activities, forecasting services 

and remote-control measures. 

 

Blanco (2009) adds that variable costs are not as well-known as capital costs because there are found 

significant variations between countries, regions and sites. Few turbines reached the end of their lifetime, 

which would allow more thorough analysis in this respect. Certain costs can be estimated easily. For 

insurance and regular O&M, it is possible to obtain standard contracts covering a considerable portion of 

the wind turbine’s total lifetime. Costs of failures, respective repairs and related spare parts are much 

more difficult to assess, as this information is not readily available. In Figure 7 is possible to observe 

variable costs for German turbines distributed into different categories. 

  

Figure 7 - Variable costs breakdown for German turbines (Blanco, 2009). 

The investment in this sort of technology requires the development of a reliable estimation model that 

enable predict and control the future O&M costs on long term. O&M Cost Estimator (OMCE) is a tool ,being 

developed by the Energy Research Centre of the Netherlands (ECN), which collects and systematizes 

information from present turbines creating a data base (specific for a certain turbine type because it 

contains the detailed breakdown of the turbine) and analyzes their trends, contributing to the creation of 

more accurate forecast models (Figure 8) (Rademakers et al., 2009). 

 

Figure 8 - OMCE concept showing the data flow from ”raw data” to estimated O&M costs (Rademakers et al., 2009). 
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The purpose of the OMCE is to determine the O&M costs over the project operational period. The 

probability of wind turbine failure must be determined and among others also by the time and effort 

needed to repair the turbine.  

Analysing at a general level, maintenance can be subdivided in preventive and corrective maintenance. 

Corrective maintenance is necessary to repair or replace a component or system that does not fulfil its 

designed purpose anymore. Preventive maintenance is performed in order to prevent a component or 

system from not fulfilling its designed purpose. Both preventive and corrective maintenance can be split 

up further and depending on the type of application (Obdam et al., 2009): 

Preventive maintenance: 

1. Calendar based maintenance, based on fixed time intervals, or a fixed number of operating hours;  

2. Condition based maintenance, based on the actual health of the system. 

Corrective maintenance: 

1. Planned maintenance, based on the observed degradation of a system or component (a 

component is expected to fail in due time and should be maintained before the actual failure does 

occur); 

2. Unplanned maintenance, necessary after an unexpected failure of a system or component. 

Furthermore, there are mounting evidences that O&M costs are increasing as wind farms age (Figure 9).  

These increases are associated with maintenance and repair of the equipments. 

 

Figure 9 - Average O&M costs of wind farms in the United States (EERE, 2008). 

Despite the huge efforts done in the last few years by the ECN trying to create an accurate OMCE there are 

still tremendous uncertainty regarding O&M cost in long term. Factors as ongoing technological changes, 

disclosure concerns of data from manufacturers and the young maturity phase of major operational OWF 

constitutes a restraint in the creation and access to reliable data (Eecen et al., 2006). 

Another relevant matter, when considering O&M costs is the manner how governments impose the way 

how depreciations and amortizations of equipment are done. In Portugal, this issue is performed 



25 
 

according with Decree Law number 25/2009. The depreciations of OWP equipment’s will be allowed 

through the Straight Line Depreciation method. However discriminatory depreciation rates are applied to 

different components: 

1. The turbine itself – 14.28%; 

2. The foundation investment - 20%; 

3. Control and measurement devices – 12.5%; 

4. High voltage lines – 7.14%. 

3.2.3 Penalty Costs 

Penalty costs are a measure to quantify the losses induced by equipment downtime. The downtimes are 

given by the sum of the following corrective and preventive maintenace periods: logistics, waiting, 

transportation and reparation times (Nordahl, 2011). It is possible to evaluate the penalty costs according 

with equation (10). 

                          (10) 

Pcost: Penalty costs; P: Installed capacity (MW); D: Downtime (percentage of full working hours);  PE: Price 

of electricity (€/MWh); cf: Capacity factor; CE: Cost of electricity production (€/MWh). 

The theoretical behaviour of the failure rates over OWF lifecycle is well known as the Bathtub Curve 

(Figure 10), according with Burckley et al. (2013), Obdam et al. (2009) and amoung other authors. The 

early “infant mortality” failures consist in the failures associated with commissioning and early operation 

period. During this period the maintenance effort usually decreases with time (Obdam et al., 2009).  

 

Figure 10 - Bathtub Curve (Burckley et al., 2013) 

The “wear out failures” are linked to the end of the project lifetime, being presently unclear how much 

more this will be. Between these periods random failures might be expected, and the failure rate is 

considered more or less constant over this period. However in reality the actual maintenance effort will 

vary from year to year and will fluctuate around the long- term average value (Obdam et al., 2009). 
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Downtimes of the machines after a failure are an important value to describe the reliability of a machine. 

The duration of downtimes, caused by malfunctions, are dependent on necessary repair work, on the 

availability of replacement parts and on the personnel capacity of service teams (Hahn et al., 2006). The 

way ahead to create more accurate downtime estimations is to create a breakdown of the equipment in its 

main components and subcomponents. Failure information for each of the items in the breakdown 

together with method of repair can determine the downtime periods in a more detailed manner. 

For instance, in the case of the Nordex-N80 turbine a breakdown has been created considering about 90 

subcomponents, for each component was defined (Eecen et al., 2006): 

1. Failure mode; 

2. Failure rate; 

3. Number of personnel needed; 

4. Repair time needed; 

5. Devices (vessels/cranes) needed; 

6. Logistics time for the material; 

7. Logistics time for the devices (vessels). 

3.3 Discounted Cash Flow (DCF) Model  

Enterprise DCF remains a favorite of practitioners and academics because it relies only on the flow of cash 

in and out of the company, rather than on accounting based earnings (Koller et al., 2010). Intuitively, the 

value of any asset should be a function of three variables – how much it generates in cash flows, when 

these cash flows are expected to occur and the uncertainty associated with these cash flows. DCF valuation 

brings all three of these variables together, by computing the value of any asset to the present value of its 

expected future cash flows (Damodaran, 2001b). DCF model assumes a full knowledge of each variable’s 

evolution, (including future energy prices and carbon trading prices) and discounts the future cash flows 

using a risk-adjusted rate (Zambujal, 2013). Ultimately is possible to divide cash flows under two 

perspectives:  

1. The Firm or Project - The Free Cash Flow  to the Firm; 

2. The Equity or Investor - The Free Cash Flow to the Equity.  

3.3.1 The Free Cash Flow to the Firm (FCFF) 

The FCFF is a pre-debt, after-tax cash flow that measures the cash generated by a project for all claim 

holders in the firm, after reinvestment needs have been met (Damodaran, 2001a). The FCFF can be 

divided in two cash flows, Investment Cash Flow and Operational Cash Flow, according to equation (11). 

                                                  (11) 
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3.3.1.1 Investment Cash Flow (ICF) 

The Capital Fixed Investment (CFI) is the initial cash outlay necessary to purchase the asset and put it in 

operating order. Additional Working Capital (adjustments in inventory, cash and receivables) is usually 

required to support a new investment project. At the end of the project’s life, cash flows associated with a 

project’s termination generally include the Residual Value and the recapture of Working Capital 

investments required in the initial outlay (Shim & Siegel, 1998). The ICF is calculated according to 

equation (12).  

 

                                                                                 (12) 

 

In this project from the cost structure presented in the subchapter - Capital Investment Costs.  It is 

possible to identify as CFI costs: turbine, foundation, electrical components, installation and others 

(administrative and project related). 

In working capital is possible to identify the need of assure spare parts of critical components, which must 

be immediately available for replacement in the case of any breakdown. The monetary difference between 

accounts receivables from customers and payments to suppliers does not imply the need of built a cash 

working capital, according with Colaço (2013). 

The Residual Value or Salvage Value of a project is the net income value (free of any taxes), which 

represents a cash inflow to the company, equation (13). When an equipment is sold, it is necessary the 

payment of taxes on the difference between the Market Value and Decommissioning costs from the Book 

Value of the asset. The Book value is the current accountant value, it is calculated deducting from the 

initial purchase cost the accumulated depreciation costs. The Decommissioning costs are the costs related 

with the end of the operational activities and the dismantling of the facilities. The Market value is the 

gross value which the good is sold. In the case of the Book Value be superior to the difference between 

Market Value and Decommissioning costs, that will yield to a tax shield (Brealey & Myers, 2003). 

                                                                   (13) 
 

MV: Market Value; BV: Book Value; DC: Decommissioning costs; t: Tax rate. 

 

The residual value comes from sell of metal scraps and other still valuable components in the end of the 

project’s life cycle. From the residual value (which is predicted to be 10% of the investment costs, 

according with Morgan (2013)) is just expected get enough capital to cover the decommissioning costs, 

Prässler and Schaechtele (2012), which yields to MV = DC. Analyzing the depreciation rates introduced in 

the sub-chapter Operation and Maintenance Costs, in the end of the project life cycle there is no Book 

Value. So, in this Dissertation the Residual Value assumes a null value. 
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3.3.1.2 Operational Cash Flow 

Operating activities include all transactions that are not investing or financing activities. Thus cash income 

from the sale of goods or services, including the collection or sale of trade accounts and notes receivable 

from customers, interest received on loans and dividend income are to be treated as cash from operating 

activities, cash outcome to acquire materials for the manufacture of goods for resale, rental payments to 

landlords, payments to employees as compensation, and interest paid to creditors are classified as cash 

outflows for operating activities (Shim & Siegel, 1998). So, the OCF is given by equation (14).  

 

                                                                  (14) 

The Earnings Before Interest and Taxes (EBIT) is computed deducting from the revenues all the 

operational costs and D&A costs. So, from the revenues of energy sales is subtracted the cost of land, sub-

station rental, insurance, administration and D&A cost. To calculate the OCF, it is needed to subtract from 

the EBIT the underlying taxes, and then the D&A are added back. 

3.3.2 The Free Cash Flow to the Equity (FCFE) 

The Free Cash Flow to the Equity measures the cash flows generated by a project for Equity investors in 

the firm, after taxes, debt payments and reinvestment needs. To get from Net Profit, which measures the 

earnings of Equity investors in the firm, to FCFE requires the additional step of considering the net cash 

flow created by repaying old Debt and taking on new Debt, which is the difference between new Debt 

issues and Debt repayments (Shim & Siegel, 1998). It also has to be considered the CFI´s, D&A cost and the 

Changes in Non-cash Working Capital to arrive at FCFE, as showed in equation (15). 

                                                                                   

                                                                         

(15) 

  3.3.3 Net Present Value (NPV) 

The value of a project is measured by the Net Present Value (NPV), the present value of the future cash 

flows minus the initial capital investment. The optimal investment rule is to invest if and only if the NPV of 

the project is positive (He, 2007). In this study, NPV is computed using equation (16). 

                                ∑
    

       

 

   
      (16) 

NPV: Net Present Value; N: Sum of periods; n: Period (in a given time series); FCF: Free Cash Flow ( in the 

n period); r: Discount rate. 



29 
 

3.3.3.1 Weighted Average Cost of Capital (WACC)  

Particularly for capital-intensive technologies such as OWP, the cost of capital strongly affects the cost of 

energy. The cost of capital over project duration is calculated taking into account the relative weight of 

Equity and Debt costs with different risk profiles (Hobohm et al., 2013). The Weighted Average Cost of 

Capital (WACC) is defined as the weighted average of the costs of the different components of financing 

used by a firm and is utilized  as discount rate to compute the NPV through the FCFF (Damodaran, 

2001a).In equation (17) is portrayed  the WACC formula. 

      rE × 
 

   
 + rD × 

 

   
 × (1-t)    (17) 

WACC: Weighted average cost of capital: rE: Cost of Equity; rD: Cost of Debt - weighted average;  

E: Equity market value;  D: Debt market value;t:Tax rate. 

3.3.3.1.1 Cost of Debt 

Cost of debt represents borrowing from outside the company, with the principal repaid at a stated rate 

following a specified time scheduling. Debt financing includes borrowing via bonds, loans and mortgages. 

The lender does not share in the profits made using the debt funds, but there is a risk in that the borrower 

could default on part of or all the borrowed funds. The amount of outstanding debt financing is indicated 

in the liabilities section of the corporate balance sheet (Blank & Tarquin, 2008). To compute the cost of 

debt may be necessary to have access to historical data of the firm. This data can be found in the company 

account report and designates the average interest rate of the liabilities, which can be calculated by the 

ratio between financial costs and financial debt (short term and long-term). If possible, it is preferable 

compute the cost of debt from market’s debt emissions (bonds) from firms with similar risk and activity.  

3.3.3.1.2 Cost of Equity 

Cost of Equity is corporate money comprised of the funds of owners and retained earnings. Owner’s funds 

are further classified as common and preferred stock proceeds or owners capital for a (non-stock-issuing) 

company. Retained earnings are funds previously retained in the company for capital investment. The 

amount of equity is indicated in the net worth section of the corporate balance sheet (Blank & Tarquin, 

2008).  

3.3.3.1.3 Capital Asset Pricing Model (CAPM) 

In the CAPM, the rick premium is estimated by looking at the difference between average returns on 

stocks and average returns on riskless securities over an extended period of history (Damodaran, 2001b). 

Thus, CAPM (equation (18)) shows that the required (expected) rate of return on a given security is equal 

to the return required for securities that have no risk plus a risk premium required by investors for 

assuming a given level of risk. The higher the degree of systematic risk, the higher the return on a given 

security demanded by investors (Shim & Siegel, 1998). 
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rE = rf  + β (rm –rf)     (18) 

rE: Cost of Equity; rf : Risk-free rate (for instance, the long term government bonds (treasury bills)); 

 rm: Expected return on market portfolio; β: company Beta. 

3.3.3.1.3.1 Beta calculation 

Beta measures the return of a company against the movements in the market portfolio, Ross et al. (2003), 

and is computed matching historical data from the market and the company. It is calculated according 

with equation (19).  

  
           

        
      (19) 

           : Covariance between the return of a company i and the return of a market portfolio m; 

          : Variance of the market return    . 

3.3.3.1.4 Gordon Shapiro Model 

The Gordon Shapiro model, equation (20), is an alternative to CAPM that does not require historical data, 

but does assume that the market overall is correctly priced (Damodaran, 2002). This model assumes 

forecasts at constant growth rate for a company’s dividends, which means that expected dividends grow 

at a constant rate (Brealey & Myers, 2003).  

     
    

  
                                   (20) 

rE: Cost of Equity; Div1: Expected dividends in the next period; P0: Equity market price; g: Expected growth 

rate in dividends. 

Companies sometimes arbitrarily add a risk premium to the cost of capital, however there is no way for 

them to know whether the amount add is even reasonably accurate (Koller et al., 2010). Ultimately, it is 

possible to employ an empirical method in the case of lack of information available (the company not be 

listed in the stock market and historical data are not accessible). This technic computes the equity cost of 

capital by adding to the risk-free rate a risk premium rate (equation (21)) arbitrated according with the 

risk degree of the investment. The higher the risk, the higher the risk premium awarded. 

                      (21) 

rE : Cost of Equity; rf : Risk-free rate; rp: Arbitrated risk-premium rate. 

3.3.4 Internal Rate of Return (IRR) 

The IRR is used to determine the rate of return given by a project, providing the answer in percentage. The 

IRR is the discount rate that makes the NPV of a project equal to zero. The project should be accepted if 
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the IRR exceeds the cost of capital. Otherwise, rejected (Shim & Siegel, 1998). The IRR is computed using 

equation (22). 

∑
    

         

 

   
 0                                      (22) 

N: Sum of periods; n: period (in a given time series); FCF: Free Cash Flow (Firm or Equity); 

IRR:  Internal Rate of Return. 

3.3.1 Profitability Index (P.I) 

Profitability index is the ratio between NPV of expected future cash flows and the initial investment 

expenditure (equation (23)). This investment technique allows the selection of the highest NPV per initial 

outlay (Brealey & Myers, 2003). When matching two projects through the P.I method is important to 

consider that they are independent and mutually exclusive. The project should be accepted if the P.I is 

superior to 0, otherwise it should be rejected (Ross et al., 2003). 

 

     
   

       
      (23) 

P.I: Profitability index; NPV: Net present Value; In.Inv.: Initial Investment. 

3.4 Sensitivity Analysis 

Sensitivity Analysis is a technique that determines the impact on a measure of value caused by varying 

estimated values (Blank & Tarquin, 2008). Whenever there is a cash flow forecast situation, sensitivity 

analysis is a vital tool to figure what may happen during the project life cycle through variation of some 

strategically chosen variables (Brealey & Myers, 2003). The use of this tool is fundamental to assess the 

project’s economic robustness under close real-life situations.  

In this Dissertation the sensitivity analysis will be executed to the following variables: the cost of capital, 

wind speed profile (changing the Weibull parameters c and k), O&M costs and remuneration tariffs. 
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4 Development and Application 

This dissertation section will directly apply the procedures suggested in the methodology chapter. The 

calculations will be presented along with result's demonstration followed by a sensitivity analysis. All this 

process will be properly explained and complemented by some additional comments and considerations. 

4.1 Energy Production 

4.1.1.1 Wind Profile Determination 

As mentioned before, wind speed profile is one of the most important factors determining the energy 

production, therefore is worth of instigation. It dictates the capacity of wind turbines that can be 

employed (Ackerman, 2005). One way to get a rough insight of the wind profile mean velocity is to utilize 

a Wind Atlas, Figure 11. EEA (2009) defines a threshold value for the average wind speed, which helps 

determine the project feasibility. The lower bound of wind speed at hub height has been set to 5 ms-1. At 

wind speeds of 5 ms-1 or below, the number of full load hours decrease to below 1000, comprising the 

project economically viability. 

 
Figure 11 - European wind resources over open sea (Windatlas, 2011). 

However, there are significant wind speed deviations from the mean. During some periods the wind speed 

may not be sufficient to generate power. Other times, wind speeds may be too high, requiring a turbine 

lock down (Ackerman & Soder, 2002). Wind variances are characterized by a seasonal behavior occurring 

in terms of different forecasting horizons (Zhang et al., 2014): Long term (from weeks to months); 
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Medium-term (from days to weeks); Short-term (from hours to days); Very short-term (from seconds to 

minutes). 

Conventional Wind Power Forecasting (WPF) usually produces a single value (mean) of future wind 

power output, the wind power uncertainty forecasting provides more information for power systems 

operating under unpredictable wind conditions (Zhang et al., 2014). So, with the goal of providing better 

forecast estimation methods different probability functions have been matched to represent wind speed 

distributions phenomenon. Despite many probability functions have been tested, there are two whose 

characteristics highlight the description of wind speed over water surfaces. The probability distributions 

are Weibull and Rayleigh. The Rayleigh distribution is particular case of the Weibull distribution in which 

the shape parameter K is fixed to 2 (Villanueva & Feijóo, 2010). 

There are numerous methods to estimate the Weibull probability distribution function parameters (c and 

K). The most commonly used are: the method of Moments, the Maximum Likelihood method, the Least 

Square method and the Chi-square method (Safari & Gasore, 2010). In this project due to constraints 

related with data availability, the parameters were provided by the Portuguese Wind Atlas in association 

with the INETI, Figure 12, being considered a hub height of 80 meters. The collected data were taken from 

a time series of 7 years between 1992, 1994, 1998 – 2002 (Costa, 2004). 

 

Figure 12 - Weibull Parameters in Portugual: (left) Parameter c; (right) Parameter k (Costa, 2004). 

It was assumed as chosen local Espinho (Porto) about 5 km from shore, with water depths between 20 and 

30m as well as the parameter values collected by Limpo (2011). So, the parameters c and k assume the 

values 7.80 ms-1 and 1.83, respectively. Now, with this parameters estimation, using equations (2) and (3) 

was possible to compute the Weibull PDF and CDF, as displayed in Figure 13. 
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Figure 13 - PDF and CDF Weibull Distributions for the specific local (Espinho). 

From the Weibull distribution using equation (4), (5) and (6) was computed the following statistical data: 

       6.92 ms-1,   = 14.68 m2 s-2 and        ms-1.Power Production 

4.1.1.1.1 Wind Turbine Selection and Specific Characteristics 

Wind turbine selection is one of the most important factors in an OWF design, once this item will directly 

influence the produced power. So, it is imperative to assess the options available in the market to perform 

a more sustained choice. Currently, the market is dominated by Siemens, representing 69% of the market 

share, followed by Bard, Vestas and Senvion as relevant players, as portrayed in Figure 14. 

 

Figure 14 - Annual market share in 2013, wind turbine manufacturers (Corbetta et al., 2014). 

After carefully analyze the market, the turbine models chosen were  Vestas - V112 3.3MW IEC IIA, Vestas 

(2014),  and Siemens SWT 4.0-130 (Siemens, 2014). These turbines are specific engineered to medium 

winds within an offshore operation context. The reason for the choice these manufacturers was the 

availability and accuracy of the data provided, something not easily disclosed by producers. Table 1 

summarizes the collected data from the manufactures technical specifications. 
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Table 1 - Turbines Technical specifications 

Turbine - Manufacturer and Model Vestas V112  Siemens SWT  

Cut-in wind speed (ms-1) 3 3 to 5 

Cut-out wind speed (ms-1) 25 32 

Rated power at wind speed (ms-1)     11 to 12 

Restart cut-in wind speed (ms-1) 23   

Rotor diameter (m) 112 130 

Rotor Swept area (m2) 9852 13300 

Rated Power (kW) 3300 4000 

Tower height (m) Site Specific Site Specific 

 

Figure 15 shows the performance graphs of Vestas V112 - 3.3MW IEC IIA and Siemens SWT 4.0-1301. In 

this Dissertation was decided work with the manufacturer’s certified power curves. Only this procedure 

allows the calculation the energy produced as accurate as possible. Attachment 1displays the power curve 

points for both turbine models.   

 

Figure 15 - Vestas V112 - 3.3MW IEC IIA and Siemens SWT 4.0 – 130 Power Curves. 

4.1.1.1.2 Annual Energy Production 

The estimated AEP was calculated through the integration of the product between the wind profile of the 

specific place described by the Weibull PDF f(u) and the power curve       as introduced by equation (8). 

Beyond energy produced, the turbine output may also be measured by an element known as the capacity 

factor, cf  (Khahro et al., 2014). The capacity factor can be calculated for a certain period through the ratio 

between the turbine actual energy production and the total rated energy (turbine running at its full 

capacity for the same period) (Mostafaeipour et al., 2011).  

                                                                    
1 Data directly provided by the manufacturer Siemens.  
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Other indicator is the full working hours, it represents the number of hours at which the turbine operated 

at full capacity, and its calculation can be performed by the product between annual operation hours 

(8760) and capacity factor. Offshore wind power production, or some extremely good sites on land, can 

reach up to 4000 - 5000 full load hours, which mean capacity factors between 0.45 and 0.60 (Ackerman, 

2005).  

It was decided, match the computed data with figures estimated by other authors and from operative 

facilities. Table 2 provides the turbine output results, taking into to account all the presented indicators. 

Table 2 - Annual energy production indicators 

Annual Energy Produced AEP (MWh) Capacity factor Full working hours (hours) 

Vestas V112 - 3.3MW IEC IIA 10270 0.36 3112 

Siemens SWT 4.0-130 13411 0.38 3352 

Weaver (2012) 6143 0.35 3071 

Khahro et al. (2014)  10225.6  0.508 4450 

 

North Hoyle (United Kingdom) presents the following data: AEP: 6143 MWh; capacity factor: 0.35; annual 

equivalent hours: 3071 – considering the year 2007, Vestas V80 2.0 MW turbine and 8.7 ms-1 average 

wind speed (Weaver, 2012). Khahro et al. (2014) estimated 10225 MWh; capacity factor: 0.508; annual 

equivalent hours: 4450 – taking in account a turbine of 2.3 MW and Weibull parameters, k (2.5) and c 

(7.55 ms-1).  

Comparing the calculated indicators with the ones collected from other authors, considering the 

underlying differences on the main variables, such as: turbine capacity and wind profile of the specific site. 

The computed values present a reasonable magnitude.  

Figure 16 provide an insight of the turbines annual energy output as function of the wind speed profile. Its 

calculation is executed through the product between the Vestas V112 and Siemens SWT power curves      

with the specific wind profile traduced by Weibull PDF f (u) during one year period, which is equivalent to 

8760 hours. 
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Figure 16 - Annualized energy production function of the wind speed profile. 

4.1.2 Revenue Calculation 

There were assumed the following remuneration tariff options during the project’s operational activity. 

Despite the ongoing changes in the support laws and policies. It was also considered an operational life 

cycle of 20 years. 

Offshore Wind Power Tariff (OWPT): 

There is a specific remuneration tariff to offshore wind projects, introduced by Decree law number 

286/2011. Providing an attractive remuneration of 164 €/MWh, however this scheme is trial and 

introduces some contingencies (Table 3). It restricts the installed power to 2 MW and established a limit 

to the first 6 GWh delivered to the grid or during the first two years of operation, whatever happens first. 

Despite the presented limitations, this tariff will be also considered as the only OWP specific scheme 

reference in Portuguese territory. 

Table 3 - Annual Remuneration at offshore wind power tariff 2 

Wind Turbine model Vestas V112    Siemens SWT  

AEP [MWh] 10270 13411 

OWPT - 20 years operation [€/MWh] 
  

164 
  Annual remuneration – 20  years operation 1 684 388 € 2 199 497 € 

 

 

 

                                                                    
2 Decree law number 286/2011. 
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Feed-in Tariff (FIT): 

The FIT is the effective tariff to promote wind energy produced in Portugal, however it is limited by a time 

period of 15 years (inferior to the project operational activity - 20 years) and until now its focus is in 

onshore projects (Decree Law number 33-A/2005). The remuneration worth is determined according 

with equation (1). Presenting a value’s range depending on the installed capacity, up to 5 MW the 

remuneration is 74 €/MWh above that installed power is a 75 €/MWh scheme, with an upper bound of 

10MW (DGEG, 2014). Once the installed capacity in both turbine is inferior to 5MW, the remuneration is 

74 €/MWh, Table 4 presents the expected annual remuneration for both turbines  during the first 15 

years of operation. 

Table 4 – Annual remuneration from FIT3 

Wind Turbine model Vestas V112 
 

Siemens SWT 

AEP [MWh] 10270   13411 

FIT - first 15 years operation [€/MWh] 
 

74 
  

74 

Annual remuneration - first 15 years operation 760 029 € 
 

992 456 € 
 

   

Feed-in Tariff Extension (FITE): 

Decree Law number 35/2013 proposes a FIT extension with the minimum and maximum reference values 

of 74 €/MWh and 98 €/MWh to an additional period of 5 or 7 years to the previous accorded period, 

contingent on the payment of an annual compensation during an eight year period of 5000€/MW or 

5800€/MW, according with the period extension. Table 5 resumes the annual remuneration through the 

elongation of the FIT, last 5 operational years. 

Table 5 - Annual remuneration from FIT extension4 

Wind Turbine model Vestas V112 
 

Siemens SWT 

AEP [MWh] 10270   13411 

FITE - last 5 years operation [€/MWh] 74 to 98 
 

74 to 98 

Annual remuneration - last 5 years operation 628 029 € to 874 524 € 
 

832 456 € to 1 154 333 € 

 

Market Price and Tradable Green Certificates (MPTGC): 

The electricity generated may always be sold on a regular market basis (Table 6), according with MIBEL 

statistical information the remuneration at market’s price during the 2013 presented an average value of 

43.64 €/MWh (MIBEL, 2014). The market based scheme displays no constraints in the access to the TGC 

system, which can eventually exist (Decree Law number 38/2013 of the Portuguese excluded the free 

allocation of allowances in the electricity sector from 2013 forward). Due to the current unavailability of 

TGC revenue stream, this Dissertation will determine its hypothetical value as an input parameter to yield 

                                                                    
3 Decree Law number 33-A/2005. 
4 Decree Law number 35/2013; The annual remuneration was computed deducting 5000 €/MW from the product 
between AEP and FITE. 
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a positive project return. Then, the obtained value will be matched with historical data to assess the 

feasibility of its magnitude. 

Table 6 - Annual Remuneration at Market prices with TGC 

Vestas V112 Siemens SWT 
 

Vestas V112 

AEP [MWh] 10270 13411 
Market price plus TGC [€/MWh] – 20 year or last 

5 years operation 
  

43.64 +  TGC  
 Annual remuneration [€] - 20 year or last 5 

years operation 448 211 € + TGC 585 280 €+ TGC 

 

So, this dissertation will consider the following remuneration scenarios (Table 7). 

Table 7 - Remuneration scenarios summary 

Remuneration tariff Tariff value (€/MWh) Period (Years) Annual revenue Vestas V112 Annual revenue Siemens SWT  

OWPT 164 20 1 684 389 € 2 199 498 € 

FIT and FITE 74 then 74 15  plus 5  760 029 € then 628 029 € 992 456 € then 832 453 € 

FIT and FITE 75 then 98 15  plus 5  760 029 € then 874 524 € 992 456 € then 1 154 333 € 

MPTGC 43.64 plus TGC 20 - - 

FIT and MPTGC 74 then 43,64 plus TGC 15  plus 5  - - 

4.2 Cost Assessment 

4.2.1 Capital Investment Costs 

Beyond the presented factors driving costs in the Methodology subchapter Offshore Wind Power Costs, 

there are some project design parameters, which have huge influence in the costs prediction. Factors as 

distance from shore and sea bed depth increase OWP costs significantly. Table 8 introduces a correction 

factor, that takes into consideration the influence of water depth and distance from shore in the cost´s 

increment (Madariaga et al., 2012). 

Table 8 - Cost correction factor (EEA, 2009). 

Depth [m] Distance from shore (km)           

  >0 >10 >20 >30 >40 >50 >100 >200 

10 - 20 1 1,02 1,04 1,07 1,09 1,18 1,41 1,6 

20 - 30 1,07 1,09 1,11 1,13 1,16 1,26 1,5 1,71 

30 - 40 1,24 1,26 1,29 1,32 1,34 1,46 1,74 1,98 

40 - 50 1,4 1,43 1,46 1,49 1,52 1,65 1,97 2,23 

     Note: This factor is a function of the distance from shore and water depth. 

It was found in the literature data from operational offshore wind farms. Table 9 presents the investment 

cost per installed capacity, as well as distance from shore, water depth, year and installation local. 
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Table 9 - Investment cost from operational OWF5. 

Wind Farm Nation Investment costs (€/kW) Installation year Distance from shore (km) Depth (m) 

Beatrice  UK  5732.9 2007 22.0 45.0 

Lynn/Inner Downsing  UK  5459.9 2008 5.0 9.5 

Alpha Ventus Germany 4777.4 2009 45.0 30.0 

Belwind Belgium 4452.3 2011 46.0 27.5 

Walney UK 4040.8 2010 7.0 20.0 

Q7  Netherlands  4026.7 2007 23.0 21.5 

London Array UK 4023.4 2012 20.0 23.0 

Nordergrunde Germany 4003.9 2010 30.0 12.0 

Sheringham Shoal UK 3877.8 2012 20.0 19.0 

Robin Rigg  UK 3480.7 2008 9.0 5.0 

Gunfleet Sands II UK 3475.6 2010 7.0 8.5 

Throton bank  Belgium  3412.5 2008 27.0 14.0 

Horns Rev Expansio Denmark 3341.7 2008 30.0 13.0 

Thanet UK 3276.0 2011 7.7 23.5 

Rhyl Flats UK 3257.8 2009 8.0 8.0 

Gunfleet Sands UK 3078.8 2009 7.0 8.5 

Robin Rigg UK 2962.0 2009 9.5 5.0 

Sea Bridge China 2770.1 2010 11.0 9.0 

Horns Rev  Denmark  2559.3 2002 14.0 10.0 

Egmond aan Zee  Netherlands  2532.8 2006 10.0 18.0 

Arklow  Ireland  2293.2 2004 10.0 3.5 

Lillgrund  Sweden 2233.6 2007 10.0 7.0 

Dronten  Netherlands  2129.4 1996 0.0 1.5 

Scroby Sands  UK  2115.7 2004 2.5 16.5 

North Hoyle  UK  2020.2 2003 7.0 12.0 

Kentish Flats  UK  1974.7 2005 10.0 5.0 

Lely  Netherlands  1965.6 1994 0.8 7.5 

Nysted  Denmark  1933.4 2003 10.0 7.8 

Samso  Denmark  1851.6 2003 3.5 20.0 

Vindeby   Denmark 1834.5 1991 1.5 3.5 

Tuno Knob  Denmark 1834.5 1995 3.0 4.0 

Barrow  UK  1729.0 2006 7.5 17.5 

Burbo Bank  UK  1683.5 2007 6.5 5.0 

Blyth  UK  1433.2 2000 1.0 8.5 

Middlegrunden  Denmark  1085.2 2001 2.0 6.0 

Range of values  
 

1085.1 - 5732.9 1991 - 2008 0.03 - 46.0  1.5 - 45.0 

Average 
 

2933.1 
 

12.4 13.0 

 

                                                                    
5 Adjusted for inflation using the Bureau of Labor Statistics calculator (USDL, 2014); 
 Exchange rate ( 1€ = 1.3553 $). 

Sources: (Snyder & Kaiser, 2009); (Salo & Syri, 2014);(Limpo, 2011). 
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As expected there are considerable discrepancies between the collected costs, which may be justified by 

differences in some factors such as: water depth, distance from shore, geographical location, turbine 

capacity and installation period. 

The first step in the data treatment was the exchange rate conversion and the inflation adjustment to 

current period (2014). Then, it was decided to execute a multilinear regression to create a rough forecast 

model to predict the investment cost adjusted to this project. The investment cost was assigned as the 

dependent variable. The explanatory variables are the water depth and distance from shore. From the 

multilinear regression were obtained the statistical results presented in Table 10.  

Table 10 – Multilinear Regression statistical output 

Regression Statistics ANOVA df SS MS F Significance F 

Adjusted R2 0.48 Regression 2 23402689 11701345 17 8.91E-06 

Standard Error 827 Residual 32 21903707 684491 
  

Observations 35 Total 34 45306396 
 

    

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
 

Intercept 1775.93 247.33 7.18 0.00% 1272.13 2279.73 
 Distance from shore [km] 39.06 15.03 2.60 1.41% 8.43 69.68 
 

Depth [m] 51.77 18.84 2.75 0.98% 13.39 90.15 
  

Despite the Adjusted R2 do not display an excellent fit – 0.48, the model presents strong signs of 

significance. The significance F is very small, t Stats are considerable high and the P-values are lower than 

the significance level 5%, presenting strong evidence against the null hypothesis for both explanatory 

variables coefficients.  

Through the coefficients extraction is possible to develop the multilinear model, which will estimate the 

project investment average cost, calculation (1). The distance from shore considered is 5 Km and the 

water depth of 25 m. 

                                     (€/kW)   (1) 

Therefore, the study defines a lower and an upper boundaries for the investment cost, using the standard 

error, (between 2438.21 €/kW and 4092.89 €/kW. In that sense, the underlying economic evaluation will 

consider 3 scenarios (Table 11). 

Table 11 – Investment cost scenarios 

Investment Scenarios Investment Cost (€/kW) 

Pessimistic - Model upper bound 4092.89 

Most Expected - Intermediate cost 3265.55 

Optimistic - Model lower bound 2438.21 
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After obtaining the expected investment costs based in operative facilities, it was gathered some generic 

data estimated by other researchers (Table 12). This information was obtained to provide some guideline 

figures to evaluate the data obtained from de multilinear regression model. 

Table 12 – Offshore Wind Power investment costs estimation6 

Sources Period (Years) Investment  Costs (€/kW) 

Musial and Ram (2010) 2007 - 2009 2040 - 4735 

Blanco (2009) 2008 1991 - 2766 

Snyder and Kaiser (2009) 2010 3224 - 4370 

IRENA (2012) 2011 2578 - 3907 

Prässler and Schaechtele (2012) 2011 3971 

Salo and Syri (2014) 2013 2301 

Range of values  2007 - 2013 2040 - 4735 

Average values   2796 

 

Matching the values obtained by the model (Table 11) with the ones displayed in Table 12. It is noticeable 

that the figures provided by the multilinear regression fits the range of the authors’ values. Thus, its usage 

in this Dissertation appears quite reasonable. 

  

                                                                    
6 Adjusted for inflation using the Bureau of Labor Statistics calculator (USDL, 2014); 
It was considered full working hours of 3000 (equivalent to a capacity factor of 0.34);  
Exchange rate ( 1€ = 1.3553$). 
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4.2.2 Operation and Maintenance costs 

The current absence of fully developed OMCE provided either by the manufacturers or researchers do not 

allow the execution of O&M cost estimation as comprehensive as desirable. Hence, it was adopted the 

estimation done by Maples et al. (2013), which result from a partnership between ECN and NREL, that 

predict the average O&M costs per year from infrastructural maintenance. The data provided by Table 13 

was specific determined to predict O&M cost caused by preventive and corrective maintenance for OWF.  

Table 13 - Cost of Offshore Wind Farms repairs7 

Costs of repair per year (€/kW)       

  
Costs equipment 

 Material costs 
 

Corrective WT  
 Corrective WT  24.62 Mobilization/Demobilization 0.39 

Corrective Balance of System 0.09 Waiting  0.25 

Preventive  2.32 Repair  10.67 

Total 27.03 TOTAL  11.32 

Labour costs 
 

Corrective Balance of System 
 Corrective WT  5.10 Mobilization/Demobilization 0.05 

Corrective Blance of system 0.01 Waiting  0.02 

Preventive  2.82 Repair  0.05 

TOTAL 7.93 TOTAL  0.13 

Partials 
 

Preventive 2.38 

Corrective WT  41.04 TOTAL  13.82 

Corrective BOP  0.22 
  Preventive  7.52 
  

Total Cost of Repair 48.8 

  
As mentioned in the Methodology subchapter Operation and Maintenance costs, maintenance repair 

services and spare parts (variable O&M) comprise 26% of the total O&M costs (Figure 7). Walford and 

Poore (2008) introduced a model which estimates its increase over the project life cycle. Even though the 

model was developed for onshore wind power, its trends were assumed in this Dissertation.  

The remaining costs 74% (fixed O&M) are assumed to be constant as a percentage of the investment costs 

(5%), according with EWEA (2009). Thus, generating 3 O&M costs scenarios, Table 14 presents the O&M 

cost over the project operational life for the most expected O&M scenario, the average value is 238 €/kW. 

 

 

 

                                                                    
7 Exchange rate (1€ = 1.3553$). 
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Table 14 - O&M costs evolution over life cycle – most expected scenario. 

Operational Year 1 2 3 4 5 6 7 8 9 10 

Variable O&M (€/kW) 48.8 54.7 59.4 64.2 67.9 83.3 75.9 117.8 79.6 131.1 

O&M  Variation 

 

12.0% 8.7% 8.0% 5.8% 22.7% -8.9% 55.2% -32.4% 64.7% 

Fixed O&M (€/kW) 120.8 120.8 120.8 120.8 120.8 120.8 120.8 120.8 120.8 120.8 

Total O&M costs 169.6 175.5 180.2 185.0 188.7 204.1 196.7 238.6 200.4 251.9 

Operational Year 11 12 13 14 15 16 17 18 19 20 

Variable O&M (€/kW) 123.6 145.4 136.4 134.8 140.0 177.1 249.7 137.4 174.4 142.2 

O&M  Variation -5.7% 17.6% -6.2% -1.2% 3.9% 26.5% 41.0% -45.0% 27.0% -18.5% 

Fixed O&M (€/kW) 120.8 120.8 120.8 120.8 120.8 120.8 120.8 120.8 120.8 120.8 

Total O&M costs 244.5 266.2 257.2 255.6 260.8 297.9 370.6 258.2 295.3 263.0 

 

Table 15 presents the O&M cost over the project operational life for the pessimistic scenario, the average 

value of O&M costs is 268.6 €/kW. 

Table 15 - O&M costs evolution over life cycle - pessimistic scenario. 

Operational Year 1 2 3 4 5 6 7 8 9 10 

Variable O&M (€/kW) 48.8 54.7 59.4 64.2 67.9 83.3 75.9 117.8 79.6 131.1 

O&M  Variation 

 

12.0% 8.7% 8.0% 5.8% 22.7% -8.9% 55.2% -32.4% 64.7% 

Fixed O&M (€/kW) 151.4 151.4 151.4 151.4 151.4 151.4 151.4 151.4 151.4 151.4 

Total O&M costs 200.2 206.1 210.8 215.6 219.3 234.7 227.3 269.2 231.0 282.6 

Operational Year 11 12 13 14 15 16 17 18 19 20 

Variable O&M (€/kW) 123.6 145.4 136.4 134.8 140.0 177.1 249.7 137.4 174.4 142.2 

O&M  Variation -5.7% 17.6% -6.2% -1.2% 3.9% 26.5% 41.0% -45.0% 27.0% -18.5% 

Fixed O&M (€/kW) 151.4 151.4 151.4 151.4 151.4 151.4 151.4 151.4 151.4 151.4 

Total O&M costs 275.1 296.8 287.8 286.2 291.4 328.6 401.2 288.8 325.9 293.6 

 

Table 16 presents the O&M cost over the project operational life for the optimistic scenario, the average 

value of O&M costs is 207.4 €/kW. 

Table 16 - O&M costs evolution over life cycle - optimistic scenario. 

Operational Year 1 2 3 4 5 6 7 8 9 10 

Variable O&M (€/kW) 48.8 54.7 59.4 64.2 67.9 83.3 75.9 117.8 79.6 131.1 

O&M  Variation 

 

12.0% 8.7% 8.0% 5.8% 22.7% -8.9% 55.2% -32.4% 64.7% 

Fixed O&M (€/kW) 90.2 90.2 90.2 90.2 90.2 90.2 90.2 90.2 90.2 90.2 

Total O&M costs 139.0 144.9 149.6 154.4 158.1 173.5 166.1 208.0 169.8 221.3 

Operational Year 11 12 13 14 15 16 17 18 19 20 

Variable O&M (€/kW) 123.6 145.4 136.4 134.8 140.0 177.1 249.7 137.4 174.4 142.2 

O&M  Variation -5.7% 17.6% -6.2% -1.2% 3.9% 26.5% 41.0% -45.0% 27.0% -18.5% 

Fixed O&M (€/kW) 90.2 90.2 90.2 90.2 90.2 90.2 90.2 90.2 90.2 90.2 

Total O&M costs 213.9 235.6 226.6 225.0 230.2 267.3 339.9 227.6 264.7 232.4 
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Figure 17 summarizes the information regarding the O&M costs displayed in Tables 14, 15 and 16. The 

considerable cost increase in the 17th operational year is due to extra hardware components replacement. 

 

Figure 17 - O&M costs scenarios. 

After obtain the expected O&M costs, it was collected some data estimated by other sources (Table 17). 

This information was obtained to provide some guideline figures to assess the magnitude of the estimated 

data. 

Table 17 - Offshore Wind O&M cost estimation8 

Sources Year(s) O&M Costs [€/kW] 

Blanco (2009) 2008 199 - 369 

Snyder and Kaiser (2009) 2010 130 - 229 

IRENA (2012) 2011 185 - 369 

Prässler and Schaechtele (2012) 2011 198 

Salo and Syri (2014) 2013 76.5 

Range of values  2007 - 2013 76.5 - 369 

Average values   203 
  

Matching the estimated values (Table 14, 15 and 16) with the ones displayed in Table 17. It is noticeable 

that the figures of O&M cost used in this Dissertation display (in the 17th operational year of the most 

expected and pessimist scenarios) higher values than the ones estimated by other authors. The average 

values for each scenario fits the range estimated by other authors. 

                                                                    
8 Adjusted for inflation using the Bureau of Labor Statistics calculator (USDL, 2014); 
It was considered full working hours of 3000 (equivalent to a capacity factor of 0.34);  
Exchange rate ( 1€ = 1.3553$). 
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4.2.3 Penalty Costs  

In this dissertation, Penalty costs were calculated assuming the downtimes model developed by Maples et 

al. (2013) to perform the OMCE of an OWF. The study was quite thorough, the estimation was created 

through a breakdown of the equipment in its main components and subcomponents. Failure information 

for each of the items in the breakdown together with method of repair was determined to perform the 

downtime estimation as precise as possible (Table 18). 

Table 18 - Offshore Wind Farms Downtimes 

Dowtime per year (hours)     
  

Corrective WT  Corrective BOP  Preventive 26.40 

Logistics 143.3 Logistics 79.95 

  Waiting  78.3 Waiting  9.36 Annual hours 8760 

Travel 3.0 Travel 0.25 Avaiability (%) 95.19% 

Repair  71.6 Repair  9.02  Downtime (%) 4.81% 

TOTAL 296.1 TOTAL 98.58 Total Downtime 421.08 

 

This downtime estimation was executed taking into account individual data of each component, assuming 

constant failure rates over time. However, as introduced in the methodology the failures behavior (which 

characterize corrective maintenance) is not constant over an OWF life cycle, it usually assume a Bathtub 

Curve trend. Therefore, it was adopted the failures rates variation of Nordahl (2011) to extrapolate the 

corrective maintenance downtimes over the project operation activity. The preventive maintenance was 

assumed as constant. Table 19 displays the downtimes assumed over the project operational activity. 

Table 19 - Downtimes cost evolution over operational life 

Operational Year 1 2 3 4 5 6 7 8 9 10 

Corrective maintenace downtime (hours) 394.7 296.0 271.3 256.5 251.6 246.7 197.3 202.3 172.7 148.0 

Corrective maintenace  variation 

 
-25% -8% -5% -2% -2% -20% 2% -15% -14% 

Preventive Maintenace downtime (hours) 26.4 26.4 26.4 26.4 26.4 26.4 26.4 26.4 26.4 26.4 

Total Downtime (hours) 421.1 322.4 297.7 282.9 278.0 273.1 223.7 228.7 199.1 174.4 

Total Downtime (%) 4.8% 3.7% 3.4% 3.2% 3.2% 3.1% 2.6% 2.6% 2.3% 2.0% 

Operational Year 11 12 13 14 15 16 17 18 19 20 

Corrective maintenace downtime (hours) 148.0 172.7 202.3 197.3 246.7 251.6 256.5 271.3 296.0 394.7 

Corrective maintenace  variation 0% 17% 17% -2% 25% 2% 2% 6% 9% 33% 

Preventive Maintenace downtime (hours) 26.4 26.4 26.4 26.4 26.4 26.4 26.4 26.4 26.4 26.4 

Total Downtime (hours) 174.4 199.1 228.7 223.7 273.1 278.0 282.9 297.7 322.4 421.1 

Total Downtime (%) 2.0% 2.3% 2.6% 2.6% 3.1% 3.2% 3.2% 3.4% 3.7% 4.8% 
 

           

Then, Penalty costs were computed according with equation (10), displaying different values for each 

turbine, remuneration tariff, investment and O&M costs scenarios. 
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4.3 The Cost of Capital 

In this chapter will be calculated the WACC, presented in equation (17), an interest rate which reflects the 

company opportunity cost. The cost of equity is computed according with the CAPM (equation (18)) which 

assesses the specific risk to the company compared to a market index. 

4.3.1 Cost of Equity 

4.3.1.1 Risk-free Rate 

The first step in the cost of capital calculation, concerns the definition of the risk-free rate, rf. This rate is 

based on the return provided by the treasury government bonds. Thus, it is necessary select a country and 

the bond´s maturity. In this project, the country selection is complex, once EDP Renováveis is a 

multinational company headquartered in Spain having operations in several nations, however it was 

assumed the risk allocation in the project´s host country (Portugal). The maturity of the bonds should be 

defined according with the cash flow´s forecast period (in this case 20 years), nevertheless it was assumed 

the bond´s maturity emission closest to the project life cycle, 23 years.  

From IGCP (2014) was extracted the references of the government bonds emissions. Frankfurt stock 

exchange provided the underlying yields, table 20 (Frankfurt, 2014).  

Table 20 - Treasury government bonds (IGCP, 2014); (Frankfurt, 2014). 

Ref.Date ISIN Coupon Rate Maturity Price   Yield 

08/04/2014 PTOTE5OE0007 4.10% 15/03/2037 95,860 € 4.39% 

 

The risk-free rate assumes the value of 4.39 %, Portuguese government bond's yield to maturity for a 23 

years period. 

4.3.1.2 Beta  

The value of Beta     was determined through a linear regression, once EDP Renováveis is listed in PSI 20 

and Euronext 100 indices. It was decided execute this operation for both indices, for data matching 

purposes. The linear regression was computed using info from Euronext (2014), JN (2014) and EL (2014). 

The series was collected contemplating the last five years with daily periods (sample size of 3936). Figure 

18 presents the linear regression of the PSI 20 Index return vs EDP Renováveis return. 
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Figure 18 - PSI 20 Index return vs EDP Renováveis return. 

From Figure 18 is possible to extract the Beta value, being 0.831. Figure 19 provides the other linear 

regression from Euronext 100 Index return vs EDP Renováveis return, where Beta assumes the worth of 

0.715.  

 

Figure 19 - Euronext 100 Index return vs EDP Renováveis return. 

The calculated Betas present a 16.22% difference, not considering this dissimilarity substantial, it was 

decided the selection of the PSI 20 index return in accordance with option taken in the risk-free rate 

selection, project host country criterion. 

In the expected return of market portfolio (rm), it was calculated the average relative return of the PSI 20 

index in the last 21 years, as portrayed in attachment 2. Note that this index is not just relative to 

renewable energy companies, but is the main reference index in the national context (introducing a value 

of 7.54 %). 

Now, as introduced by equation (18) it is possible to determine the cost of equity (rE), calculation (2). 

    4.39 + 0.831 (7.54 – 4.39) = 7 %    (2) 

y = 0.831x - 0.0002 
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4.3.2 Cost of Debt 

The cost of debt (rD) was computed through the  ratio between financial costs and financial debt (short 

term and long-term), as displayed in calculation (3), extracted from EDP Renováveis 2013 annual accounts 

report (EDPR, 2013). 

   
       

         
             (3) 

The cost of debt is high, the structure is stable and derives essentially from EDP financial entities 

(77.25%). Currently, EDP finances itself in the markets at 4.75 %, which means the spread risk assumed to 

EDPR is 5.31%. 

In this stage, it is already possible to perform the WACC calculation. Being just required extract the Equity 

and Debt market value structure from EDPR accounts report. Table 21 displays the EDPR financing 

structure between 2007 and 2013. 

Table 21 - EDPR financing structures 

Period 2007 2008 2009 2010 2011 2012 2013 

Equity 31.90% 55.20% 47.17% 42.02% 41.81% 43.22% 44.92% 

Liabilities 68.10% 44.80% 52.83% 57.98% 58.19% 56.78% 55.08% 

 

Analyzing the information portrayed in Table 22. It was decided to perform an arithmetic average of the 

Equity/Debt structure from 2010 to 2013, once it presents stable pattern between these periods. The 

WACC calculation is presented in calculation (4). To the Corporate tax (23%) is added the local Derrama 

rate (Espinho) of 1.5% yielding a final tax rate of 24.5%. 

      7 × 42.99% + 10.06 ×57.01%× (1-0.245) = 7.34 %   (4) 

So, the cost of capital used in this project valuation is provided by calculation 4 and presents a value of 

7.34 %.  
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4.4 Results discussion 

This subchapter is divided in two parts. First, it is assessed all remuneration tariffs considering 3 

investment scenarios and 3 O&M scenarios, yielding a total of 9 scenarios per remuneration scheme and 

turbine model. 

The second part will be computed the theoretical value which the TGCs would have to assume, if its free 

allowance were still employed to promote electricity generation form RES. The value of the TGC 

remuneration appears as an "input variable". Then, the obtained values will be matched with the TGC 

transactions executed by EDPR (2013)  in others markets, where this support scheme is still employed. 

In both parts will be executed an overall assessment through the aggregated NPV and TGC values 

assuming that the probability of each scenario occurs is: 

1. Pessimistic - 25%; 

2. Most Expected - 50%; 

3. Optimistic - 25%. 

However, in this Dissertation the aggregated NPV and TGC correspond to the interception between most 

expected investment scenario and most expected O&M costs scenario, which result from the costs 

scenarios generation procedure. First, it was added and subtracted the standard error to the value 

obtained from the multilinear regression to define the investment costs scenarios. Then, the fixed 

component of the O&M costs was defined as a percentage of the investment costs, generating the O&M 

scenarios based in the standard error used in the investment costs calculation. Hence, it is explained the 

interception between most expected investment scenario and most expected O&M costs scenario 

correspond to the aggregated NPV. 

The projected cash flows were executed using a more conservative approach, constant prices. In another 

sense, it was decided not to include the Internal Rate of Return (IRR) in the project assessment, once there 

are several scenarios in the operational cash flow where cash outflows occur after cash inflows, 

invalidating the use this indicator.   
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4.4.1 Project value under operation and investment scenarios 

This section shows and discusses the results considering three investment scenarios and three O&M costs 

scenarios for the following remuneration tariffs: OWPT, FIT, FITE. 

Offshore Wind Power Tariff (OWPT): 

Table 22 display the Vestas – V112 and Siemens SWT 4.0 results from the 164€/MWh tariff during the 20 

years of activity.  

Table 22 – Results from the Offshore Wind Power tariff9. 

  
Investment cost scenarios 

  
Vestas - V112 3.3MW  Siemens SWT 4.0 

O&M cost scenarios Pessimistic Most Expected Opimistic Pessimistic Most Epected Optimistic 

Pessimistic 

NPV -    4 640 842 €  -    2 392 081 €  -       143 319 €  - 4 450 745 €  - 1 724 974 €    1 000 798 €  

P.I -0.34 -0.22 -0.02 -0.27 -0.13 0.10 

Δv -179% -44% 91% -429% -105% 219% 

Most Expected 

NPV -    3 912 030 €  -    1 663 269 €          585 493 €  - 3 567 337 €  -    841 565 €    1 884 207 €  

P.I -0.29 -0.15 0.07 -0.22 -0.06 0.19 

Δv -135% 0% 135% -324% 0% 324% 

Optimistic 

NPV -    3 183 218 €  -       934 457 €       1 314 305 €  - 2 683 928 €          41 844 €    2 767 615 €  

P.I -0.24 -0.09 0.16 -0.16 0.00 0.28 

Δv -91% 44% 179% -219% 105% 429% 

 

According with the project’s validation criteria introduced in the Methodology, NPV and P.I greater than 

zero. The aggregated NPV (shade) of both turbines show negative results. Comparatively, Siemens SWT 4.0 

shows less harmful results. 

Making a more thorough examination, Siemens SWT shows positive NPV for 4 scenarios, against Vestas 

V112 which exhibits positive NPV for only 2 scenarios, all the other scenarios reveal negative outcomes. 

The Siemens SWT also displays deeper in the money with higher P.I figures. In that sense, Siemens SWT  

would be  the selected equipment. 

This remuneration scheme could be feasible to promote electricity produced by OWP, under favorable 

conditions. 

  

                                                                    
9 NPV - Net Present Value; P.I – Profitability Index; The shade values correspond to the aggregated NPV. 
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Feed-in tariff (FIT) plus Feed-in tariffs Extension (FITE- 74): 

Table 23 display the Vestas – V112 and Siemens SWT 4.0 results from the 74€/MWh tariffs scheme during 

the 20 years of operational activity. 

Table 23 - Results from the Feed-in Tariff (74€/MWh) plus Feed-in Tariffs Extension (74€/MWh)10. 

  
Investment cost scenarios 

  
Vestas - V112 3.3MW  Siemens SWT 4.0 

O&M cost scenarios Pessimistic Most Expected Opimistic Pessimistic Most Epected Optimistic 

Pessimistic 

NPV - 11 518 679 €  - 9 269 918 €  -7 021 156 €  -13 431 918 €  - 10 706 147 €  -   7 980 375 €  

P.I -0.85 -0.86 -0.87 -0.82 -0.82 -0.82 

Δv -36% -9% 18% -38% -9% 19% 

Most 
Expected 

NPV - 10 789 867 €  - 8 541 106 €  -6 292 344 €  -12 548 510 €  -   9 822 738 €  -   7 096 966 €  

P.I -0.80 -0.79 -0.78 -0.77 -0.75 -0.73 

Δv -27% 0% 27% -29% 0% 29% 

Optimistic 

NPV - 10 061 055 €  - 7 812 294 €  -5 563 532 €  -11 665 101 €  -   8 939 330 €  -   6 213 558 €  

P.I -0.74 -0.72 -0.69 -0.71 -0.68 -0.64 

Δv -18% 9% 36% -19% 9% 38% 

 

The aggregated NPV of both turbines shows negative results. Comparatively, Vestas V112 shows less 

negative results for all the scenarios including the agglomerate NPV.  

Making a more detailed analysis, the NPV is negative for all scenarios and turbines, the project is not 

feasible under any scenario. The value of this tariff is lower than the cost of energy produced by this 

technology. Furthermore, the only factor allowing positive cash flows is the tax shield associated with the 

depreciation costs.  

Under this unsuited remuneration scheme is better not to produce/invest at all. This remuneration tariff 

is not feasible to promote electricity produced by OWP under any scenario. 

  

                                                                    
10 NPV - Net Present Value; P.I – Profitability Index; The shade values correspond to the aggregated NPV. 
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Feed-in tariffs (FIT) plus Feed-in tariffs Extension (FITE- 98): 

Table 24 display the Vestas – V112 and Siemens SWT 4.0 results results from the 74€/MWh during the first 

15 operational years and 98 €/MWh over the last 5 years. 

Table 24 - Results from the Feed-in Tariff (74€/MWh) plus Feed-in Tariffs Extension (98€/MWh)11. 

  
Investment cost scenarios 

  
Vestas - V112 3.3MW  Siemens SWT 4.0 

O&M cost scenarios Pessimistic Most Expected Opimistic Pessimistic Most Epected Optimistic 

Pessimistic 

NPV - 11 266 771 €  - 9 018 010 €  - 6 769 248 €  - 13 102 973 €  - 10 377 202 €  -   7 651 430 €  

P.I -0.83 -0.84 -0.84 -0.80 -0.79 -0.78 

Δv -36% -9% 18% -38% -9% 19% 

Most 
Expected 

NPV - 10 537 959 €  - 8 289 198 €  - 6 040 436 €  - 12 219 565 €  -   9 493 793 €  -   6 768 021 €  

P.I -0.78 -0.77 -0.75 -0.75 -0.73 -0.69 

Δv -27% 0% 27% -29% 0% 29% 

Optimistic 

NPV -   9 809 147 €  - 7 560 386 €  - 5 311 624 €  - 11 336 156 €  -   8 610 385 €  -   5 884 613 €  

P.I -0.73 -0.70 -0.66 -0.69 -0.66 -0.60 

Δv -18% 9% 36% -19% 9% 38% 

 

The comments done to the previous tariff are adjusted to this tariff, the project is not even close to display 

positive outcomes. This tariff improves the NPV in a meaningless way compared with the previous 

scheme.  

  

                                                                    
11  NPV - Net Present Value; P.I – Profitability Index; The shade values correspond to the aggregated NPV. 
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4.4.2 Minimum TGC value for project implementation  

The procedure applied was the same executed in the subchapter Economic Evaluation, the idea is 

determine the values to be attributed to the TGCs just for the project reach its payback in the end of its 

lifecycle, which is NPV and PI equal to zero. 

Analyzing EDPR (2013) TGC transactions, Romania showed the highest TGC value to promote RES, there 

are granted 2 certificates for each MWh produced, with a range value between 25€/MWh and 55 €/MWh, 

leading to a most hopeful value of 110€/MWh.  

Market Price and Tradable Green Certificates (MPTGC): 

Table 25 displays the minimum value of TGCs for Vestas – V112 and Siemens SWT 4.0 under two different 

tariffs in order to make the OWPG project feasible. 

Table 25 - Tradable Green Certificates hypothetical value12. 

  
Investment cost scenarios 

  
Vestas V112 3.3MW Siemens SWT 4.0 

  
Tariff 1 - 74 €/MWh over 15, then 43.64 €/MWh plus TGC over last 5 years 

O&M costs scenarios Pessimistic Most Expected Optimistic Pessimistic Most Expected Optimistic 

Pessimistic 
TGC 1149 923 695 1010 811 612 

Δv 35% 8% -19% 35% 9% -18% 

Most Expected 
TGC 1080 854 628 945 747 548 

Δv 27% 0% -27% 27% 0% -27% 

Optimistic 
TGC 1013 790 560 881 682 483 

Δv 19% -8% -35% 18% -9% -35% 

  
Tariff 2 - 43.64 €/MWh plus TGC over 20 years 

O&M costs scenarios Pessimistic Most Expected Optimistic Pessimistic Most Expected Optimistic 

Pessimistic 
TGC 181 151 122 165 138 110 

Δv 27% 7% -14% 28% 7% -14% 

Most Expected 
TGC 171 142 112 156 129 101 

Δv 21% 0% -21% 21% 0% -21% 

Optimistic 
TGC 162 132 103 147 120 93 

Δv 14% -7% -27% 14% -7% -28% 

 
 
For both turbines and tariffs, the aggregated TGC displays values above the greatest value documented 

(110€/MWh) do not promoting its usage to remunerate OWP. Comparatively, Siemens SWT shows more 

reasonable values. Comparing the two tariffs: 

1. Tariff 1: For both turbines, the values displayed are too high to be an option to remunerate OWP 

under any scenario. 

                                                                    
12 TGC – Tradable Green certificates values (€/MWh); The shade values correspond to the aggregated TGC;  
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2. Tariff 2: Siemens SWT 4.0 under an optimist investment scenario displays reasonable TGC values 

lower than or equal to 110€/MWh for all O&M costs scenarios. Regarding the Vestas V112 even 

under an optimistic investment scenario only shows feasible values for the optimistic O&M 

scenario. Vestas V112 requires higher remuneration tariffs to exhibit positive outcomes. 

The remuneration tariff 2 could be feasible to promote electricity produced by OWP, under favorable 

investment conditions. 

4.4.3 Costs impact on project value 

This section was added to the study to quantify the impact caused by the disregard of costs in the 

aggregated NPV. It was decided to produce this analysis under the OWP tariff (164€/MWh), once this is 

the only tariff capable to produce aggregated NPV. Table 26 displays the impact caused by the absence of 

penalty costs and O&M costs. 

Table 26 – Costs impact in the aggregated NPV. 

Turbine model Agglo. NPV NPV/O&M costs Δv NPV/P. costs Δv 

Vestas - V112 3.3MW  - 1 663 269 €       3 655 675 €  320% - 1 683 159 €  1% 

Siemens SWT 4.0 -    841 565 €       5 605 639 €  766% -    829 778 €  -1.40% 

 

The O&M costs are far more relevant than the penalty costs to the aggregated value production. The O&M 

costs disregard increases the aggregated NPV considerably yielding to positive aggregated NPV. Siemens 

SWT displays high NPV increase (more the double) than Vestas V112.  

The absence of the penalty costs in the aggregated NPV is residual. However, the turbines display different 

behaviors, Vestas V112 has overall positive penalty costs. On the other hand, Siemens SWT portrays the 

odd situation of negative penalty costs, which means the downtimes associated with the equipment 

corrective maintenance will benefit the project reducing its losses. This occurs because the value of this 

tariff is lower than the cost of energy produced by this technology. 

The importance of O&M costs to the project's feasibility validates its inclusion in the sensitivity analysis. 
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5 Sensitivity Analysis 

The sensitivity analysis (Table 27) will be executed for both turbines to the aggregated NPV under the 

OWP tariff (164 €/MWh), once this is the only tariff capable to produce reasonable outcomes. The 

selected variables are: cost of capital (WACC), wind speed profile (changing the Weibull parameters c and 

k), O&M costs and remuneration tariff value. The perturbation in the selected variables will range 

between -15% and +15%, with 5% intervals.  

Table 27 – aggregated NPV Sensitivity analysis. 

  
Sensitivity Analysis 

  
Vestas - V112 3.3MW  Siemens SWT 4.0   Vestas - V112 3.3MW  Siemens SWT 4.0 

Δv 

 
Agglo. NPV Δv Agglo. NPV Δv 

 
Agglo. NPV Δv Agglo. NPV Δv 

15% 

W
in

d
 p

ro
fi

le
 

     217 248 €  113%   1 669 060 €  298% 

C
o

st
 o

f 
ca

p
it

al
 -

 W
A

C
C

 - 2 247 645 €  -35% - 1 644 217 €  -95% 

10% -    427 230 €  74%      814 669 €  197% - 2 060 339 €  -24% - 1 387 090 €  -65% 

5% - 1 055 782 €  37% -      24 705 €  97% - 1 865 674 €  -12% - 1 119 718 €  -33% 

0% - 1 663 269 €  0% -    841 565 €  0% - 1 663 269 €  49% -    841 565 €  0% 

-5% - 2 244 931 €  -35% - 1 628 813 €  -94% - 1 452 718 €  13% -    552 062 €  34% 

-10% - 2 796 489 €  -68% - 2 379 910 €  -183% - 1 233 593 €  26% -    250 606 €  70% 

-15% - 3 314 205 €  -99% - 3 089 012 €  -267% - 1 005 435 €  40%         63 447 €  108% 

15% 

O
&

M
 c

o
st

s 

- 2 461 110 €  -48% - 1 808 646 €  -115% 

R
em

u
n

er
at

io
n

 t
ar

if
f      216 673 €  113%   1 613 289 €  292% 

10% - 2 195 163 €  -32% - 1 486 285 €  -77% -    409 974 €  75%      795 004 €  194% 

5% - 1 929 216 €  -16% - 1 163 925 €  -38% - 1 036 621 €  38% -      23 280 €  97% 

0% - 1 663 269 €  0% -    841 565 €  0% - 1 663 269 €  0% -    841 565 €  0% 

-5% - 1 397 322 €  16% -    519 205 €  38% - 2 289 916 €  -38% - 1 659 850 €  -97% 

-10% - 1 131 374 €  32% -    196 845 €  77% - 2 916 563 €  -75% - 2 478 134 €  -194% 

-15% -    865 427 €  48%      125 516 €  115% - 3 543 211 €  -113% - 3 296 419 €  -292% 

 

Wind profile: 

This variable is capable to change the project viability for both turbines. The perturbation of the wind 

profile parameters has huge influence in the project’s NPV. For instance, a 10% increase in the wind 

profile parameters leads to NPV increases of 74% for Vestas V112 and 197% for Siemens SWT. Siemens 

SWT display positive agglomerated NPV. On the other hand, a 10 % decrease leads to the NPV to decrease 

68% for Vestas V112 and -183% for Siemens SWT. 

The impact of this variable is about two and half times greater in Siemens SWT than in Vestas V112. The 

increase of this variable displays more impact in the agglomerated NPV than its decrease. 

O&M maintenance costs: 

This variable is capable to change the project viability for the Siemens SWT 4.0 equipment. For instance, 

the increase of O&M costs 5% decreases the project NPV -16% for Vestas V112MW and -38% for Siemens 

SWT. On the other side, O&M costs decrease of 5% increases the project NPV 16% for Vestas V112MW and 

38% for Siemens SWT. 
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The impact of this variable is more than two times higher in Siemens SWT than in Vestas V112. The 

increase and decrease of this variable displays the same impact in the agglomerated NPV.  

Cost of Capital (WACC): 

This variable is capable to change the project viability for the Siemens SWT equipment. For instance, the 

cost of capital increase of 15% decreases the project NPV -35% for Vestas V112MW and -95% for Siemens 

SWT. On the other hand, its 15% decrease makes the project NPV increases 40% for Vestas V112MW and 

108% for Siemens SWT. The NPV of Siemens SWT displays positive results. 

The impact of this variable is more than two and half times in Siemens SWT than in Vestas V112. The 

decrease of this variable displays more impact in the agglomerated NPV than its increase.  

Remuneration Tariff: 

This variable is capable to change the project viability for both turbines. The perturbation of the 

remuneration tariff impacts the project’s NPV in the following manner. Remuneration tariff increase of 

10% increases the NPV 75% for Vestas V112MW and 194% for Siemens SWT. Siemens SWT display positive 

agglomerated NPV. On the other side, a decrease of 10% decreases the NPV -75% for Vestas V112MW and 

-194% for Siemens SWT. 

The impact of this variable is more than two and half times in Siemens SWT than in Vestas V112. The 

increase and decrease of this variable displays the same impact in the agglomerated NPV.  

Sensitivity Analysis general comments: 

Considering, the assumed 15% range in the selected variables. The wind profile is the most determining 

variable in the sensitivity analysis, displaying a perturbation between 113% for Vestas V112 and 298% for 

Siemens SWT. The remuneration tariff is the second most influent variable portrays an impact of 113% for 

Vestas V112 and 292% for Siemens SWT. Both variables are capable to yield positive aggregated NPV for 

both turbines. 

The O&M costs perturbation provide a top variation of 48% for Vestas V112 and 115% for Siemens SWT. 

The cost of capital variation yields to 40 % NPV maximum variation for Vestas V112 and 108% for Siemens 

SWT. The cost of capital and O&M costs are less relevant, nevertheless its 15% decrease can provide 

positive aggregated NPV for Siemens SWT equipment.  

The increase and decrease of these variables impact the agglomerated NPV in different manners. The 

remuneration tariff and wind profile increase impacts the aggregated NPV in a positive manner, leading to 

its increase. On the side, the cost of capital and O&M costs increase impacts the NPV in a negative way, 

promoting its decrease. 

Taking into account that the turbine is the most relevant equipment of the investment, Siemens SWT 

contains more risk and opportunities than with equipment Vestas V112, showing higher fluctuations from 
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the same percentage perturbations. Sometimes, the percentage difference may range between two or two 

and half times more. 

6 Conclusions13 

The literature review of this document portrayed the huge effort dispend by European Union to increase 

renewable energy sources development over the last few years. Given its economic importance, have been 

created some public policies to promote the investment and increase its efficiency. It is possible to 

distinguish some of these incentives and regulatory frameworks: FITs, Quota obligations with TGCs and 

Tenders, tax benefits and exemptions of different nature, and the creation of the EU Carbon Market, the 

first international trading system of emission allowances.  

At the national level (Portuguese case) were created entities and done some considerable reformulations 

to guide RES implementation and development. The electricity production market was target of following 

updates: the market full liberalization, the creation of the MIBEL and the reformulation of the electricity 

production market structure. Regarding the Carbon market was formed: The Portuguese Carbon Fund, the 

National Allocation Plan for emission allowances and the National Program for Climate Change. 

Despite of OWP projects being based in the same technology and physical principles as onshore wind, the 

investment and O&M costs are quite different. The harsh climatic conditions at sea set more strict criteria 

to equipment and the construction of foundations, yielding to higher investment and O&M costs. The 

investment cost can easily reach 80% of the total cost of the project over its entire lifetime. Throughout 

equipment´s operational activity, there are relevant O&M and Penalty costs associated, which need to be 

properly evaluated and estimated to determine its behavior over the project operational activity. Other 

important underlying matter is the manner how the Portuguese state imposes the way how depreciations 

and amortizations of equipment are executed.  

Our evidence points that currently, the only effective strategy that promotes OWPG investment projects is 

the remuneration tariff (74€/MWh to 98 €/MWh) used to conventional onshore wind projects even 

considering the existence of a specific remuneration tariff to OWPG projects (DL number 286/2011), 

providing an attractive price of 164 €/MWh. This tariff was specially designed to the Windfloat project 

and introduces some contingencies. In another way, the TGCs were revoked (DL number 38/2013), 

excluding the free allocation of allowances in the electricity sector from 2013 forward. 

Considering the aggregated NPV analyses with scenarios, the study was not able to find a tariff capable to 

properly promote OWPG projects as the remuneration tariffs used to promote onshore wind projects yield 

negative NPV´s for all the scenarios. Only under favorable scenarios with prices about 164 €/MWh, there 

was found positive creation of value. Under onshore wind projects assumptions, the tariff received 

                                                                    
13 EU – European Union; FITs - Feed-in Tariffs; MIBEL – Iberian Electricity Market; NPV – Net Present Value; O&M - 
Operation and Maintenance; OWP – Offshore Wind Power; OWPG – Offshore Wind Power Generators; RES - 
Renewable Energy Sources; TGCs – Tradable Green Certificates. 
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(between 74 €/MWh and 98 €/MWh) is under the cost of energy produced, which causes an odd situation 

of negative Penalty costs (costs derived from equipment downtimes). In this case, the Penalty costs 

contribute to mitigate the project losses, nevertheless its relevance in the project value creation is residual 

compared with O&M costs. Additionally, the study found some scenarios where the only factor that allows 

positive cash flows is the tax shield associated with the project’s depreciation costs. Therefore, these 

unsuited remuneration tariffs do not contribute at all to increase the use of these OWPG technologies. 

This study went further in what concern main equipment selection decision. Thus, assessing the wind 

turbines (Vestas V112 and Siemens SWT) that can be associated with an investment project of this nature, 

the study found that equipment Siemens SWT shows higher value creation and equipment Vestas V112 

mitigates the value destruction for equal scenarios and assumptions. This behavior from equipment 

Siemens comes from the extra capacity provided by the Siemens SWT.   

The sensitivity analysis show evidence that wind speed profile and remuneration tariff are predominant 

variables in the aggregated value creation. On the other side, the cost of capital and O&M costs are less 

relevant, although a 15% decrease can provide positive agglomerate NPV for Siemens SWT equipment. 

Another interesting result that comes from sensitivity analysis is that the investment project with the 

equipment Siemens SWT contains more risk and opportunities than with equipment Vestas V112, showing 

higher fluctuations from the same percentage perturbations. Sometimes, the percentage difference may 

range between two or two and half times more. 

Despite the current Portuguese framework do not effectively endorses the investment in OWPG projects, 

Van der Zwaan et al. (2012) states that considering the extreme importance of the technology for the 

future energetic paradigm, the governments will try to launch effective remuneration solutions in order to 

make offshore technology’s investments feasible. Therefore, this document can suggest, as conscientious 

options, the definition of higher prices for tariffs spreaded over the entire project operational period and 

the reestablishing of the program of Tradable Green Certificates, combined with an additional 

remuneration coming from the electricity market. Furthermore, according with (Blanco (2009)), the long-

term forecasts of OWPG investments indicate significant reductions, contributing significantly to the 

diffusion of technology.  
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8 Attachments 

8.1 Power curves points 

 
Power Curve (kW) 

v (m s-1) Vestas V112 - 3.3 Siemens SWT 4.0 

0 0 0 

1 0 0 

2 0 0 

3 26 0 

4 132 196 

5 302 426 

6 554 770 

7 907 1250 

8 1375 1880 

9 1995 2704 

10 2572 3529 

11 3000 3907 

12 3266 3990 

13 3300 3999 

14 3300 4000 

15 3300 4000 

16 3300 4000 

17 3300 4000 

18 3300 4000 

19 3300 4000 

20 3300 4000 

21 3300 4000 

22 3300 4000 

23 3300 4000 

24 3300 4000 

25 3300 4000 
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8.2 Expected return of the market portfolio 

PSI 20 - Annual returns  

Date Value Return 

2014 6273 -4.35% 

2013 6558 15.98% 

2012 5655 2.93% 

2011 5494 -27.60% 

2010 7588 -10.35% 

2009 8463 33.47% 

2008 6341 -51.29% 

2007 13019 16.27% 

2006 11197 29.92% 

2005 8618 13.40% 

2004 7600 12.64% 

2003 6747 15.84% 

2002 5824 -25.62% 

2001 7831 -24.73% 

2000 10404 -13.01% 

1999 11960 8.75% 

1998 10998 24.93% 

1997 8803 71.06% 

1996 5146 32.08% 

1995 3896 -6.28% 

1994 4157 -3.06% 

1993 4288 42.93% 

1992 3000 
 

Average 7.54% 
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8.3 Auxiliary Calculations – Vestas V112 Aggregated NPV 

Revenues Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8       Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20 
 

                       

Hour of the year (hours)      8760   8760 8760 8760 8760 8760 8760 8760 8760    8760  8760 8760           8760      8760 8760 8760 8760 8760        8760   8760  

Capacity factor     0.36 0.36     0.36 0.36    0.36 0.36      0.36 0.36  0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36   0.36 0.36     0.36  

Full Working hours (hours)   3112 3112    3112    3112   3112    3112  3112 3112   3112     3112     3112 3112 3112 3112       3112      3112    3112    3112 3112 3112 

                          

Installed Capacity (MW)  3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3  

Annual Energy Production (MWh)  10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271 10271  

                          

Price of Sell (€/MWh)   164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164  

Total Revenues (€)  1 684 389  1 684 389 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389€ 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389 1 684 389  

                          

Costs (€) Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20  

                          

 Investment Costs scenarios (€/MWh) 1049.23                      

Operational And Maintenance Costs (€/MWh)  54.5 56.4 57.9 59.4 60.6 65.6 63.2 76.7 64.4 81.0 78.5 85.5 82.6 82.1 83.8 95.7 119.1 83.0 94.9 84.5  

Penalty costs (€/MWh)  0.4 0.2 0.2 0.1 0.1 -0.1 0.0 -0.4 0.0 -0.4 -0.3 -0.5 -0.5 -0.5 -0.7 -1.1 -1.8 -0.7 -1.2 -1.1  

Annual Energy Production (MWh)  10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7 10270.7  

Total Cost  10 776 315 € 563627 581336 596322 611423 623298 672556 648905 783519 660959 827614 803441 873154 843375 838229 853887 972318 1204021 844789 962069 856929  

                          

Depreciations (€) Rate Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19  

                          

Foundations 20.0% 2 694 079 € 538 816 € 538 816 € 538 816 € 538 816 € 538 816 €                

Turbine 14.3% 3 771 710 € 538 600 € 538 600 € 538 600 € 538 600 € 538 600 € 538 600 € 538 600 €              

Control and measurement devices 12.5% 646 579 € 80 822 € 80 822 € 80 822 € 80 822 € 80 822 € 80 822 € 80 822 € 80 822 €             

Voltage lines 7.1% 2 047 500 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 € 146 191 €       

Total (€)   1 304 430 1 304 430 1 304 430 1 304 430 1 304 430 765 614 765 614 227 014 146 191 146 191 146 191 146 191 146 191 146 191 0 0 0 0 0  0 
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Cash Flows Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20 

                        

                        
(-)Capital investment -10776315 

                    
(+)Residual Value 

                     
(+/-)Changes in WC -105748 100516                                       

Investment Cash Flow -10882063 100516 
                   

                        

                        
(+)Revenues 

 
1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 1684389 

(-)Costs   -563627 -581336 -596322 -611423 -623298 -672556 -648905 -783519 -660959 -827614 -803441 -873154 -843375 -838229 -853887 -972318 -1204021 -844789 -962069 -856929 

(=)EBITDA 

 
1120761 1103053 1088066 1072965 1061091 1011833 1035483 900870 1023430 856774 880947 811234 841014 846160 830502 712071 480367 839600 722319 827459 

(-) Depreciations   -1304430 -1304430 -1304430 -1304430 -1304430 -765614 -765614 -227014 -146191 -146191 -146191 -146191 -146191 -146191 0 0 0 0 0 0 

(=)EBIT 

 
-183669 -201377 -216363 -231465 -243339 246219 269869 673856 877238 710583 734756 665043 694822 699968 830502 712071 480367 839600 722319 827459 

(=) EBIT (1-Tax rate)   -138670 -152040 -163354 -174756 -183721 185895 203751 508761 662315 536490 554740 502107 524591 528476 627029 537614 362677 633898 545351 624732 

(+) Depreciations 

 
1304430 1304430 1304430 1304430 1304430 765614 765614 227014 146191 146191 146191 146191 146191 146191 0 0 0 0 0 0 

Operational Cash Flow   1165760 1152390 1141076 1129674 1120709 951509 969365 735775 808506 682682 700932 648299 670782 674667 627029 537614 362677 633898 545351 624732 

                        

                        
Free Cash Flow to the Firm  -10882063 1266276 1152390 1141076 1129674 1120709 951509 969365 735775 808506 682682 700932 648299 670782 674667 627029 537614 362677 633898 545351 624732 

Discount factor - WACC 1,00 0,93 0,87 0,81 0,75 0,70 0,65 0,61 0,57 0,53 0,49 0,46 0,43 0,40 0,37 0,35 0,32 0,30 0,28 0,26 0,24 

Discounted FCFF -10882063 1179687 1000176 922634 850955 786475 622076 590414 417496 427395 336204 321587 277100 267104 250281 216702 173095 108786 177138 141973 151517 

Acc. Disc. FCFF (€) -10882063 -9702376 -8702200 -7779566 -6928610 -6142136 -5520060 -4929646 -4512150 -4084755 -3748552 -3426965 -3149865 -2882761 -2632480 -2415778 -2242683 -2133897 -1956759 -1814786 -1663269 
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8.4 Auxiliary Calculations – Siemens SWT Aggregated NPV 
 
 
Revenues Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20 

 

                       

Hour of the year (hours) 
  

8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760 8760  
 

Capacity factor 
    

0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38  
 

Full Working hours (hours)   3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 3353 
 

                          

Installed Capacity (MW) 
 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
 

Annual Energy Production (MWh) 
 

13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 13412 
 

                          

Price of Sell (€/MWh)   164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 164 
 

Total Revenues (€) 
 

2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  2 199 498  
 

                          

Costs (€) Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20 
 

                          

 Investment Costs scenarios (€/MWh) 973.95 
                     

Operational And Maintenance Costs (€/MWh) 
 

50.6 52.3 53.8 55.2 56.3 60.9 58.7 71.2 59.8 75.1 72.9 79.4 76.7 76.2 77.8 88.9 110.5 77.0 88.1 78.4 
 

Penalty costs (€/MWh) 
 

0.9 0.6 0.5 0.5 0.4 0.3 0.3 0.0 0.2 -0.1 -0.1 -0.2 -0.2 -0.2 -0.3 -0.6 -1.3 -0.3 -0.7 -0.4 
 

Annual Energy Production (MWh) 
 

13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 13411.6 
 

Total Cost (€) 13 062 200 € 690771 710458 728179 746217 760521 820139 790583 953839 804749 1006311 977010 1061955 1026392 1020066 1039934 1183575 1464517 1029350 1171953 1046288 
 

                          

                          

Depreciations (€) Rate Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20 

                          

Foundations 20.0% 3 265 550 € 653 110 € 653 110 € 653 110 € 653 110 € 653 110 € 
               

Turbine 14.3% 4 571 770 € 652 849 € 652 849 € 652 849 € 652 849 € 652 849 € 652 849 € 652 849 € 
             

Control and measurement devices 12.5% 783 732 € 97 967 € 97 967 € 97 967 € 97 967 € 97 967 € 97 967 € 97 967 € 97 967 € 
            

Voltage lines 7.1% 2 481 818 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 177 202 € 
      

Total (€) 
 

  1 581 127  1 581 127  1 581 127  1 581 127  1 581 127  928 017  928 017  275 168  177 202  177 202  177 202  177 202  177 202  177 202  0  0  0  0  0  0  
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Cash Flows Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20 

                        

                        

(-)Capital investment -13062200                     

(+)Residual Value                      

(+/-)Changes in WC -146264 123506                                       

Investment Cash Flow -13208464 123506                    

                        

                        

(+)Revenues  2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 2199498 

(-)Costs   -690771 -710458 -728179 -746217 -760521 -820139 -790583 -953839 -804749 -1006311 -977010 -1061955 -1026392 -1020066 -1039934 -1183575 -1464517 -1029350 -1171953 -1046288 

(=)EBITDA  1508727 1489040 1471319 1453281 1438977 1379359 1408915 1245658 1394749 1193187 1222487 1137542 1173105 1179432 1159564 1015922 734980 1170147 1027545 1153210 

(-) Depreciations   -1581127 -1581127 -1581127 -1581127 -1581127 -928017 -928017 -275168 -177202 -177202 -177202 -177202 -177202 -177202 0 0 0 0 0 0 

(=)EBIT  -72400 -92087 -109808 -127846 -142151 451342 480898 970490 1217547 1015985 1045285 960340 995904 1002230 1159564 1015922 734980 1170147 1027545 1153210 

(=) EBIT (1-Tax rate)   -54662 -69526 -82905 -96524 -107324 340763 363078 732720 919248 767069 789190 725057 751907 756683 875471 767021 554910 883461 775796 870673 

(+) Depreciations  1581127 1581127 1581127 1581127 1581127 928017 928017 275168 177202 177202 177202 177202 177202 177202 0 0 0 0 0 0 

Operational Cash Flow   1526465 1511601 1498222 1484603 1473803 1268780 1291095 1007888 1096450 944270 966392 902259 929109 933885 875471 767021 554910 883461 775796 870673 

                        

                        

Free Cash Flow to the Firm  -13208464 1649971 1511601 1498222 1484603 1473803 1268780 1291095 1007888 1096450 944270 966392 902259 929109 933885 875471 767021 554910 883461 775796 870673 

Discount factor - WACC 1,00 0,93 0,87 0,81 0,75 0,70 0,65 0,61 0,57 0,53 0,49 0,46 0,43 0,40 0,37 0,35 0,32 0,30 0,28 0,26 0,24 

Discounted FCFF -13208464 1537145 1311940 1211411 1118315 1034264 829501 786370 571899 579608 465029 443380 385649 369970 346443 302564 246957 166447 246876 201966 211166 

Acc. Disc. FCFF (€) -13208464 -11671320 -10359379 -9147969 -8029654 -6995389 -6165889 -5379518 -4807619 -4228011 -3762982 -3319602 -2933953 -2563983 -2217541 -1914977 -1668019 -1501572 -1254696 -1052731 -841565 
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8.5 Other model considerations 

 

 

Investment Costs (€/MWh) 

Siemens SWT 4.0 Vestas - V112 3.3MW  

Pessimistic Most Expected Optimistic Pessimistic Most Expected Optimistic 

1220.70 973.95 727.20 1315.06 1049.23 783.41 

 

Operational Assumptions   

  
    

Operational Data  Siemens SWT 4.0 Vestas - V112 3.3MW  

Installed Capacity (MW)     
 

4 3.3 

Capacity Factor 
   

0.383 0.355 

Full Working Hours (hours) 
   

3352.89 3112.32 

Project Life Cycle (years) 
   

20 years 20 years 

Operation kick off 
   

year 1 year 1 

        

        Balance Data 
  

    
  Days of Accounts Receivables  45 
  Days of Payments to Suppliers 66 
  Days of investment payment - 
   

    


