
 
 

University of Birmingham

The economic feasibility of a floating offshore wind
energy farm considering different steel prices. The
case of study of the Canary Islands
Castro-Santos, L.; Rubial-Yanez, Pablo; Lamas-Galdo, Isabel; Cordial Iglesias, David;
Piegari, Luigi; Tricoli, Pietro; Vizoso, A. Filgueira

Document Version
Peer reviewed version

Citation for published version (Harvard):
Castro-Santos, L, Rubial-Yanez, P, Lamas-Galdo, I, Cordial Iglesias, D, Piegari, L, Tricoli, P & Vizoso, AF 2023,
The economic feasibility of a floating offshore wind energy farm considering different steel prices. The case of
study of the Canary Islands. in 2023 International Conference on Clean Electrical Power (ICCEP). International
Conference on Clean Electrical Power, Institute of Electrical and Electronics Engineers (IEEE), 8th International
Conference on Clean Electrical Power, Italy, 27/06/23.

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 03. Aug. 2023

https://birmingham.elsevierpure.com/en/publications/d8e80e8e-ceae-4e59-8114-ddd568b98a29


Abstract— The objective of this work is to calculate the 
Levelized Cost of Energy (LCOE), Net Present Value (NPV) 
and the Internal Rate of Return (IRR) of a 700MW floating 
wind farm located in the Canary Islands. For this, three 
possible scenarios have been analyzed taking into account the 
price of steel and each of the economic parameters have been 
calculated for each of the scenarios, showing that the highest 
economic variations are related to the IRR and LCOE. 

 
Index Terms-- economic parameters, offshore wind, steel. 

 

I.  INTRODUCTION 

Global energy generation is undergoing a change due to 
various factors, both environmental and political. As for 
the environmental factors that are causing this change, as 
is well known, for many years now cleaner energy sources 
have been used to avoid uncontrolled emissions of 
greenhouse gases  [1], as was the case with emissions in 
the generation of electricity through the use of fossil fuels 
[2]. This type of resource (fossil fuels) in addition to being 
an unclean source of energy is also exhaustible, so the 
search for an alternative was and is one of the political 
objectives since the end of the last century [3]–[5]. Within 
renewable energies we can talk about onshore and offshore 
energies, but if we take into account that 70% of the planet 
is made up of water, we can deduce that we have many 
areas of the planet from which we can extract energy and 
that they are untapped [5]–[8]. One of the most developed 
and competitive offshore renewable energy sources is 
wind energy [9], and within this we can talk about two 
main types that would be fixed platforms [10], [11] 
(monopile, tripod, tripile, etc.) and floating platforms [12] 
(spar, TLP, etc.). 

Along with this environmental problem are added 
political factors. The current war between Russia and 
Ukraine [13] is causing a shortage of energy sources in 
many countries, mainly in countries of the European 
Union, due to the dependence that this type of energy 
causes with respect to the countries that have the resources. 
This is another of the reasons why renewable energies are  
 
the most suitable alternative to solve both problems. Along 

 
 

with this energy dependence, in this case, the dependence 
on raw materials for the manufacture of the platforms is 
linked, which is causing the prices of steel to rise 
uncontrollably [14]–[16]. That is why it is necessary to 
analyze how these variations in steel prices affect the 
profitability of offshore wind farms. 

II.  OBJECTIVES 

Due to the instability of the prices of numerous raw 
materials and specifically for the case study of steel in this 
work we intend to know how the variation in steel prices 
affects the profitability of offshore wind farms. This study 
is carried out for a 700MW floating offshore wind farm 
(140 turbines of 5MW each) located in the Canary Islands 
and three possible scenarios have been analyzed with three 
possible steel prices. In order to establish whether the 
scenarios analyzed generate a situation of economic 
viability, it is necessary to know the values of Levelized 
Cost Of Energy (LCOE), Net Present Value (NPV) and de 
Internal Rate o Return (IRR) [17]–[20]. 

III.  METHODOLOGY 

The calculation of the costs involved in a floating offshore 
wind farm is a very interesting issue in terms of their future 
installation [21]. In this sense, the total life-cycle cost of a 
floating offshore wind farm (LCS_FOWF), see equation 
(1), can be defined as the sum of the costs of each of its 
life-cycle phases (conceptualization (C1), design (C2), 
manufacturing (C3), installation (C4), maintenance (C5) 
and dismantling (C6)) and its main components (offshore 
wind turbine, offshore wind platform, mooring, anchoring 
and electric system). 

𝐿𝐶𝑆 = 𝐶1 + 𝐶2 + 𝐶3 + 𝐶4 + 𝐶5
+ 𝐶6 

(1) 

During the present year 2022, the Ukraine war, joined 
to the fact of the SARS-COV2 world pandemic situation, 
motived that the prices of some raw materials, such as 
steel, increased their prices considerably. Therefore, this 
situation can influence the economic feasibility of offshore 
wind farms. 

In addition, it also generated that the European Union is 
supporting the renewable energies, which are independent 
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on the gas price. 
In this context, the cost of manufacturing (C3) and the 

cost of dismantling (C6) a floating offshore wind farm 
depend on the cost of steel.  
The present paper will analyse how the steel price will 
have influence on the following economic factors: LCOE 
(Levelized Cost Of Energy) (see equation  
(4)), NPV (Net Present Value) (see equation  
(2)) and IRR (Internal Rate of Return) (see equation  
(3)). 
 

𝑵𝑷𝑽 = −𝑰𝟎 +
𝑪𝑭𝒏
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(4) 
 
 

 
Were I0 is the initial investment of the floating offshore 

wind farm, CFn is the cash flow of the project in year n, r 
is the capital cost, Nfarm is the life-cycle (in years) of the 
project and En is the energy generated in each year by the 
floating offshore wind farm. 

IV.  CASE OF STUDY 

The case of study will be the Canary Islands (Spain, 
Europe), which are located closed to the African continent. 
Error! Reference source not found. shows the Canary 
Islands in blue color. 
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Figure 1. Location of the case of study [22]. 

 
The offshore wind platform selected is the floating 

substructure called WindFloat, which has a 5 MW of 
power due to there are a lot of information about it [23]. 
The size of the farm taken into account is 700 MW, 
considering WindEurope data [24], which implies 140 
floating offshore wind turbines. 

The electric tariff considered will be 175 €/MWh, as a 
medium price during 2022 in Spain (see Figure 2) and the 
capital cost will be 6%. 

 
 
 
 
 
 
 
 

Figure 2. Value of the Spanish electric tariff during 2022 [25]. 

Finally, regarding the cost of steel, three different 
scenarios will be considered, as Table 1 is shown: 

Table 1. Scenarios taken into account regarding the cost 
of steel. 

Scenario Cost of steel (€/ton) 
1 500 
2 750 
3 1000 

 

V.  RESULTS 

Taking into account Scenario 1, the LCOE goes from 
66.16 €/MWh to 219.41 €/MWh (see Figure 3), IRR goes 
from -2.32 % to 23.56 % (see Figure 6) and NPV goes 
from -1,119 M€ to 2,341 M€ (see Figure 7). 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. LCOE (in €/MWh) for Scenario 1. 

 
 
 
 
 
 
 
 
 

 

Figure 4. IRR (in %) for Scenario 1. 



 
 
 

 
 
 
 
 
 
 
 

 
 

Figure 5. NPV (in M€) for Scenario 1. 

 
Taking into account Scenario 2, the LCOE goes from 

67.94 €/MWh to 223.28 €/MWh (see Figure 6), IRR goes 
from -2.56% to 22.64 % (see Figure 9) and NPV goes from 
-1,174 M€ to 2,286 M€ (see Figure 10)). 

 
 
 
 
 
 
 
 
 
 
 

Figure 6. LCOE (in €/MWh) for Scenario 2. 

 
 
 
 
 
 
 
 
 
 

Figure 7. IRR (in %) for Scenario 2. 

 
 
 
 
 
 
 
 
 
 

Figure 8. NPV (in M€) for Scenario 2. 

Taking into account Scenario 3, the LCOE goes from 
69.73 €/MWh to 227.16 €/MWh (see Figure 9), IRR goes 

from -2.80% to 21.77 % (see Figure 10) and NPV goes 
from -1,228 M€ to 2,232 M€ (see Figure 11). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. LCOE (in €/MWh) for Scenario 3. 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. IRR (in %) for Scenario 3. 

 
 
 
 
 
 
 
 
 
 
 

Figure 11. NPV (in M€) for Scenario 3. 
 

Considering the comparison between the three 
Scenarios, Figure 12 shows that the highest economic 
variations are related to the IRR and LCOE, with values of 
-7.6% and 5.4% respectively. 

 

 
 

Figure 12. Variation of the main economic parameters considering 
variations in price steel of 50% and 100%. 

 

VI.  CONCLUSIONS 

 
This paper has analyzed the influence of the cost of steel 
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on the economic viability of an offshore wind farm with 
floating structures. 

The case study has been in the Canary Islands, with 140 
WindFloat-type platforms of 5 MW each and made of 
steel. For this, three possible Scenarios have been studied 
(€500/ton, €750/ton and €1000/ton). 

The results show the influence of the cost of steel on the 
main economic parameters: Internal Rate of Return (IRR), 
Net Present Value (NPV) and Levelized Cost Of Energy 
(LCOE) respectively. 

Considering Scenario 1, the LCOE goes from 66.16 
€/MWh to 219.41 €/MWh, IRR goes from -2.32 % to 
23.56 % and NPV goes from -1,119 M€ to 2,341 M€ 

Taking into account Scenario 2, the LCOE goes from 
67.94 €/MWh to 223.28 €/MWh, IRR goes from -2.56% 
to 22.64 % and NPV goes from -1,174 M€ to 2,286 M€. 

Finally, Scenario 3 shows, the LCOE goes from 69.73 
€/MWh to 227.16 €/MWh, IRR goes from -2.80% to 21.77 
% and NPV goes from -1,228 M€ to 2,232 M€. 

Considering the comparison between the three 
Scenarios the highest economic variations are related to 
the IRR and LCOE, with values of -7.6% and 5.4% 
respectively. 
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