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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, Offshore Wind Power, Tradable Green Certificates, Wind Speed Profile, Feed-in 
Tariffs, Remuneration Tariff, Cost of Capital, Operational and Maintenance costs. 

1 Introduction 
The use of economic valuation methods to assess environmental projects and policies has grown considerably in recent 
years. However, environmental valuation appears to have been 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). 
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).  
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). 

1.1 Problem Definition and Case Study  

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 
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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. The main objective of this work is an economic evaluation for Offshore Wind Power (OWP) project is 

taking into account the surrounding framework of the Portuguese case. 

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

European Climate/Energy. 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). 

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. 

2 Political and Fiscal Framework 

Europe set ambitious targets for RES since the late 1990´s (Reiche & Bechberger, 2004). Until then, supports 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). RES deployment instruments generally fall in two groups: 

political instruments (Feed in Tariffs, Quota Obligations with Tradable Green Certificates and Tenders) and Tax/Fiscal 

instruments (Mir-Artigues & del Río, 2014). 

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. 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).  

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 (Al-Amir & 

Abu-Hijleh, 2013). 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 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. 

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). However, Tenders are not used to promote 

electricity generation from RES in Portugal. 

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. Currently, in Portugal is not employed any incentive of this sort to promote electricity 

generation from RES. 

2.1 Carbon Market and Electricity Generation 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 
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increase in temperature. In December 1997, the Kyoto Protocol was adopted, setting limits on the GHG emissions of 
industrialized countries (N. Gouveia & Mesquita, 2001). In the context of these international commitments, Portugal 
took the objective of limiting their emissions of carbon, to that purpose were created several entities: The Portuguese 
Carbon Fund, the National Allocation Plan for emission allowances and the National Program for Climate Change. These 
entities were created to regulate and support the TGC transaction in Portugal.  
The updates in the electricity generation market also portray the pursuit for energetic sustainability. 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). The 
Ordinary Regime refers to the generation of electricity through traditional non-renewable thermal sources and large 
hydroelectric plants. In the Special Regime 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).  
3 Methodology 
The economic evaluation of electricity from wind energy is quite different from conventional sources, wind power 
generation is intermittent and uncertain. Furthermore, OWPG costs tend to be extremely difficult to assess and predict 
over the project operational activity. So, it requires an adequate methodology to deal with its specific characteristics. 

3.1.1 Energy Production 
3.1.1.1 Wind Profile Determination 
A probability distribution function, Weibull distribution is used to describe the wind profile pattern, its usage is quite 
widespread by academics to represent wind speed profile. For instance is recommended by Safari and Gasore (2010) 
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) (equation (1)). The parameters c and k 
assume the values 7.80 ms-1 and 1.83, corresponding to the project’s location (Espinho). The collected data were taken 
from a time series of 7 years between 1992, 1994, 1998 – 2002 (Costa, 2004). 
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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. 

3.1.1.2 Annual Energy Production 
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    

(usually provided by the wind turbine manufacturer) contemplated in equation (2). Resulting in the maximum 
theoretical power formula, without any losses consideration thus an upper bound (Villanueva & Feijóo, 2010).  

     ( )  
 

 
             (2) 

P (u): Power produced (W);  : Wind speed (m s-1);  : Air density (Kg m-3); 
  : Area of the airstream (m2);   ( )                          

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 maximum power capacity, 
considering cut-in and cut-out limits (the range of wind speed at which wind turbines generate power) (Villanueva & 
Feijóo, 2010). After carefully analyze the market, the turbine models chosen were:  Vestas - V112 and   Siemens 
SWT.Figure1 represents the respective power curves. 

 

Figure 1 - Vestas V112 - 3.3MW IEC IIA and Siemens SWT 4.0 – 130 Power Curves. 
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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 and Justus (1988), as displayed in equation (3). 

         ∫  ( ) ( )   
        

        
            ∑  ( ) ( )   

        
        

 (3) 

AEP: Annual Energy produced; 8760: Number of hours per year; f(u): Wind profile Weibull PDF; 
 P(u): Turbine Power curve. 

The annual energy produced by Vestas V112 is 10270 MWh and Siemens SWT is 13411 MWh. 

3.1.2 Revenues Calculation 
There were assumed the following remuneration tariffs options during the project’s operational activity. Offshore Wind 
Power Tariff (OWPT) is a trial tariff, specially conceived to remunerate an OWP project (the Windfloat). Despite some 
constraints this tariff was taking into account, once it is the only tariff in Portugal to remunerate OWPG projects. Feed-
in Tariff (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. Feed-in 
Tariff Extension (FITE) proposes a FIT extension to the previous tariff to an additional period of 5 or 7 years, 
contingent on the payment of an annual compensation of 5000 €/MW or 5800 €/MW according with the period 
extension. 
The electricity generated may always be sold on a regular market basis, combined with 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). This paper aims to determine the hypothetical value which TGC would have to 
assume to yield a positive project return. Market Price and Tradable Green certificates (MPTGC) combine the 
remuneration at market prices with the TGC over the entire project operational period. FIT and MPTGC remunerates 
the project during the first 15 operation years at FIT tariff, and in the last 5 years at market prices plus TGC. Table 1 
summarizes all the remuneration tariffs discussed above. 

Table 1 - Remuneration Tariffs 

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 0291 992 456 then 832 4531 

FIT and FITE 75 then 98 15  plus 5  760 029 then 874 5241 992 456 then 1 154 3331 

MPTGC 43.64 plus TGC 20 - - 

FIT and MPTGC 74 then 43,64 plus TGC 15  plus 5  - - 

3.1.3 Investment Costs 
OWP production is based on the same technology and physical principles as onshore wind. Despite that, the costs of 
wind developments are very different. The harsh environment at sea sets more strict criteria to equipment and the 
construction of the foundations (Salo & Syri, 2014). Wind energy is a capital-intensive technology, so most of the 
outgoings will be made in the investment phase, costs can be as much as 80% of the total cost of the project over its 
entire lifetime. In this project the investment cost were estimated from operational OWF (sample of 34), through a 
Multilinear Regression (equation (4)) model which is a data analysis procedure used when there are more than one 
explanatory variable to calculate the dependent variable (investment cost).  

                          (4) 

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

  : Estimated regression coefficients:  : The residuals.  

The explanatory variables were project’s design variables, which displays high relevance in cost definition, distance 
from shore (km) and water depth (m). It was assumed 5 km of distance from shore and 25 m depth, corresponding to 
the project location, Espinho. This study defined 3 scenarios for the investment cost, using the standard error. Hence, 
the 3 defined scenarios: optimistic, most expected and pessimistic (Table 2). 

 

                                                                    
1 The annual remuneration was computed deducting 5000 €/MW from the product between AEP and FITE. 
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Table 2 – Investment cost scenarios 

Investment Scenarios Investment Cost (€/kW) 

Pessimistic - Model upper bound 4092 

Most Expected - Intermediate cost 3265 

Optimistic - Model lower bound 2438 

3.1.4 Operation and Maintenance Costs 
As any other industrial equipment, OWPG require O&M which constitutes a sizeable share of the total annual costs. 
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. It was adopted the 
estimation done by Maples et al. (2013) that predict the average O&M costs per year from infrastructural maintenance, 
which comprise 26% of the total O&M costs. 
The remaining costs 74% (fixed O&M) are assumed to be constant as a percentage (5%) of the investment costs, 
according with EWEA (2009). As done in the investment costs estimation were assumed three O&M costs scenarios. It 
was assumed the model developed by Walford and Poore (2008) to estimate the O&M cost’s trend over the project life 
cycle. Figure 2 displays the O&M scenarios, the considerable cost increase in the 17th operational year is due to extra 
hardware components replacement. 

 

Figure 2 – O&M costs scenarios 

3.1.5 Penalty Costs 
Penalty costs are a measure to quantify the losses induced by equipment downtimes. The downtimes is given by the 
sum of the following corrective and preventive maitenance periods: logistics, waiting, transportation and reparation 
times (Nordahl, 2011). It is possible to evaluate the penalty costs according with equation (5). 

              (      )     (5) 

Pcosts: Penalty costs P: Installed capacity (MW); cf: Capacity factor; D: Downtime (percentage of full working hours); 
PE: Price of electricity (€/MWh); CE: Cost of electricity production (€/MWh). 

In this document, Penalty costs were calculated assuming the downtimes model developed by Maples et al. (2013), this 
downtime estimation was executed taking into account individual data of each component, assuming constant failure 
rates over time. However, the failures behavior 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 (Figure 3). The preventive maintenance was assumed as 
constant. The Penalty costs were computed according with equation (5), displaying different values for each turbine, 
remuneration tariff, investment and O&M costs scenarios. 

 

Figure 3 –Total Downtime over project operational activity 
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3.2 Discounted Cash Flow (DCF) Model  
The approach used in the Wind Power economic appraisal was 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). 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). The NPV measures the value of a project, through 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 (6). 

                                ∑
   

(    ) 

 

   
       (6) 

NPV: Net Present Value; N: Sum of periods; n: Period (in a given time series); CF: Cash Flow (in the n period); 
 r: Discount rate. 

Profitability index is the ratio between NPV of expected future cash flows and the initial investment expenditure 
(equation (7)). 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). 

     
   

       
       (7) 

P.I: Profitability Index; NPV: Net present Value; In.Inv.: Initial Investment. 
4 Results Discussion 
This subchapter is divided in two parts. First, it is assessed all remuneration tariffs considering investment scenarios 
and O&M scenarios, yielding a total of nine scenarios per remuneration tariff and turbine model. 
The second part computes 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 in others markets, 
where this support scheme is still employed. In both parts is executed an overall assessment through the aggregated 
NPV and TGC values assuming that the probability of each scenario occurs is: a) pessimistic - 25%; b) most expected - 
50%; and optimistic - 25%. The projected cash flows were executed using a more conservative approach, constant 
prices. In another way, the calculated weighted average cost of capital (WACC) displays the value of 7.34%. 

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 3 display the Vestas – V112 and Siemens SWT results from the 164€/MWh 
tariff during the 20 years of activity.  

Table 3 – Results from the Offshore Wind Power tariff 

    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 

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 

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 

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 than Vestas V112. 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 tariff could be feasible to promote electricity produced by OWP, under 
favorable conditions. 
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Feed-in tariff (FIT) plus Feed-in tariffs Extension (FITE- 74): Table 4 display the Vestas – V112 and Siemens SWT results 
from the 74€/MWh tariffs scheme during the 20 years of operational activity. 

Table 4 – Results from the Feed-in Tariff (74€/MWh) plus Feed-in Tariffs Extension (74€/MWh) 

    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 

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 

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 

The aggregated NPV (shade) 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 tariff is better not to produce/invest at all. 
This remuneration tariff is not feasible to promote electricity produced by OWP under any scenario. 

Feed-in tariffs (FIT) plus Feed-in tariffs Extension (FITE- 98): 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 project's NPV in a 
meaningless way compared with the previous tariff.  

4.2 Minimum TGC value for project implementation 
In this section is computed the minimum theoretical value which the TGCs would have to assume (NPV=0) to promote 
electricity generation form RES. The analysis occurs under the same scenarios of the previous sub-chapter. 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. Table 5 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 5 - Tradable Green Certificates hypothetical value 

    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 

Most Expected TGC 1080 854 628 945 747 548 

Optimistic TGC 1013 790 560 881 682 483 

  
 

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 

Most Expected TGC 171 142 112 156 129 101 

Optimistic TGC 162 132 103 147 120 93 

For both turbines and tariffs, the aggregated TGC (€/MWh) displays values above the greatest value documented 
(110€/MWh) do not promoting its usage to remunerate OWP. Comparatively, Siemens SWT shows more reasonable 
values.  
Making a more detailed analysis, tariff 1 displays values too high for both turbines to be an option to remunerate OWP 
under any scenario. Regarding 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. Vestas V112 even under an optimistic investment 
scenario only shows feasible values for the optimistic O&M scenario. Vestas V112 requires higher remuneration tariffs 
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to exhibit positive outcomes. Tariff 2 could be feasible to promote electricity produced by OWP, under favorable 
investment conditions. 
5 Sensitivity Analysis 
This section determines the impact on the project value, assessing its robustness, caused by equal percentage 
perturbations on the most relevant variables (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. The sensitivity analysis (Table 6) was 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 on the selected variables will range between -15% 
and +15%, with 5% intervals.  

Table 6 - 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 
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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% 

 
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 influences 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 the same percentage 
perturbations. Sometimes, the percentage difference may range between two or two and half times more. 

6 Conclusions2 

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 

                                                                    
2 FITs - Feed-in Tariffs; NPV – Net Present Value; O&M – Operation and Maintenance; OWP – Offshore Wind Power; TGCs – Tradable Green 
Certificates;  
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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 NPVs 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 (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.   

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 tariff spread 

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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