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Executive summary 
This report shows the framework methodology to develop the Floating Offshore Wind Assessment app 

(FowApp) based on the previous FOWAT tool from LIFES 50+ project.  In this sense, the initial steps that are 

required to perform the evaluation of floating offshore wind farms from the economic and environmental points 

of view are addressed in this document to meet the main objective of the WP6. 

The parameters that define floating wind farms are described, as well as the available options for each 

parameter. Some of them have already been taken from other submitted deliverables, such as the selected 

substructures and sites, and some of them are defined for the first time, such as the wind farm layout or the 

grid connection aligned with the information received from the developments from WP1 to WP4. 

Firstly, 15 reference scenarios are defined, each one with a combination of different options, such as a capacity 

ranging from 60 to 1200 MW. The reference scenarios show a variety of basic cases or baselines that will be 

enhanced later in the project, with the aim of lowering their LCOE and/or their LCA. The LCOE and the LCA of 

the reference scenarios, as well as future variations of the studied wind farms, will be assessed using the 

FowApp. 

Then, an overview of the FOWAT and its features is provided, together with the reasons that have driven not its 

adaptation (as initially expected), but the development of a new application. Then, the new app is described, 

and the main differences between it and the FOWAT are condensed in a table. Two differences can be 

highlighted; on the one hand, the user friendliness of the FowApp has been considered during the full 

development, leading to an app with standard appearance. On the other hand, the new app allows the creation, 

full edition and deletion of wind farms, therefore it is not limited to the Corewind project and may be upgraded 

in the future without the need of starting from scratch. That last feature is the main drawback of the FOWAT, as 

it was designed as a project-specific tool, where the user cannot edit most of the information without modifying 

its source code.  

The LCA model of the FowApp have been completely developed in the Corewind project to meet the objective 

of the subtask 6.1.3, as the source code of the LCA module of the FOWAT could not be used due to the 

restrictions of its developer. The report describes the LCA model, which follows the steps stablished by the ISOs 

14040/44:2006 to define the goal and the life cycle inventory (LCI) aligned with the scope of the study focused 

on the life cycle stages: the component production, installation, use (maintenance) and decommissioning. The 

transport is the main aspect to consider in the last three mentioned stages, thereby its model is developed. An 

important development in the LCA model is the creation of different end-of-life scenarios after the 

decommissioning activities related to the destination of different materials or components; namely, landfill, 

incineration, recycling, reuse/sale and leave-on-site.  The proportion of the materials going to the three first 

end-of-life scenarios is subjected to a best practice scenario and the end-of-life allocation 50-50 approach in the 

LCA, both of them defined by using scientific literature. The reuse scenario considers the residual environmental 

benefit of the component defined by the user to be used in a second life. The environmental metrics that involve 

the concerns associated with the climate change, primary energy demand, depletion of mineral resources, 

damage to the ecosystems and harm to human health, are defined. These metrics are used in the life cycle 

impact assessment stage as a measurement of the LCI flows to know the impacts.  The results of the LCAs will 

be generated from the FowApp as graphics and tables to be interpreted by of the FOWF developers to generate 

conclusions, recommendations and decision makings. 
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List of abbreviations  
 

Abbreviation Description  

AC Alternating Current 

CAPEX Capital Expenditure 

DC Direct Current 

DECEX Decommissioning Expenditure 

FOWAT Floating Offshore Wind Assessment Tool 

FOWF Floating Offshore Wind Farm 

FowApp Floating Offshore Wind Assessment app 

FU Functional Unit 

HVDC High Voltage Direct Current  

HVAC High Voltage Alternating Current  

HVDC-VSC HVDC with a Voltage Source Converter 

HAWC2 Horizontal Axis Wind turbine simulation Code 2nd generation 

LCA  Life Cycle Assessment 

LCOE  Levelized Cost of Energy  

LCC Life Cycle Cost 

OPEX Operational Expenditure 

OPF Optimal Power Flow 

O&M Operation and Maintenance 

PF Power Flow 

WT Wind Turbine 

 



  
 
 
 

corewind D6.1 General frame of the analysis and description of the new FOW assessment app 7 

List of figures 
 
Figure 1. Rectangular layout for the floating wind farm. ..................................................................................... 13 

Figure 2. FOWAT structure. .................................................................................................................................. 17 

Figure 3 Phases of an LCA study (ISO 14040/44:2006) [34,35]. ........................................................................... 29 

Figure 4 System boundaries of the Corewind LCA study. ..................................................................................... 31 

Figure 5 Data gathering protocol that was followed the LCI. ............................................................................... 32 

Figure 6. Transportations within the life cycle structure of the wind power system. .......................................... 35 

Figure 7 EoL recycling 50-50 approach. ................................................................................................................ 41 

Figure 8 General scheme of the LCA module. ...................................................................................................... 45 

Figure 9 Schematic example on how the LCA module works to calculate the LCIA of the turbine. ..................... 45 

 



  
 
 
 

corewind D6.1 General frame of the analysis and description of the new FOW assessment app 8 

List of tables 
 

Table 1. Overall parameters for the IEA 15MW turbine (adapted from [2]D1.1). ............................................... 10 

Table 2. Advantages and disadvantages of the Spar-buoy and Semi-submersible concepts [5].......................... 11 

Table 3. Generic wind farm layouts associated to reference wind farm capacities (rows are perpendicular to 

prevailing wind direction). .................................................................................................................................... 13 

Table 4. Reference scenarios for the LCOE and LCA assessment. ........................................................................ 15 

Table 5. Parameters required to extrapolate the wind speed at different heights. ............................................. 25 

Table 6 List of main materials considered in the component production  LCI ..................................................... 33 

Table 7 . T1 transport default scenarios. .............................................................................................................. 36 

Table 8 EoL best case scenario according recycling, incineration, and landfilling ratios. ..................................... 39 

Table 9. Comparison between the original FOWAT and the new FowApp. ......................................................... 46 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
 
 
 

corewind D6.1 General frame of the analysis and description of the new FOW assessment app 9 

Introduction 
Corewind is a European research project that aims to strength the European Leadership on wind power 

technology (and specially floating). To contribute on this, a LCOE analysis and Life Cycle Assessment (LCA) is 

conducted in the WP6 of the project.  

LCOE is a calculation method used to obtain the cost of one produced energy unit since it entails the relationship 

of the life cycle cost (LCC) to the total energy provided, for that reason, the LCOE is typically used to compare 

the cost competitiveness of different power generation technologies. In the Corewind context, the LCC involves 

the design cycle phases: wind farm development, manufacturing, acquisition and installation of components, 

operation, maintenance, and decommissioning. In other words, the LCOE considers the capital expenditure 

(CAPEX), operational expenditure (OPEX), and decommissioning expenditure (DECEX) of the floating offshore 

wind power turbines. On the other hand, the LCA is the tool allowing to evaluate the potential environmental 

impacts considering the entire life cycle of the floating wind farm, including extraction of raw material, transport, 

manufacture, operation and decommissioning. In other words, this describes the creation, use and end of life 

and the environmental impacts from cradle to grave. 

This deliverable follows specific objectives to provide the methodological framework to describe both LCOE and 

LCA module architectures for the FowApp. The first objective is to define the reference scenarios (subtask 6.1.1), 

the second one is to conduct an adaptation of the LCOE module to provide a full economic assessment and third 

one is the development of the LCA module (subtask 6.1.3) of the FOWF technologies. 

In general terms, this document provides information regarding the concepts and information regarding the use 

of the FowApp. Inputs from the turbine and substructure designs performed in WP1 were taken into account as 

well as technical information from developers involved in W2 to WP4 and WP7 for a consistent analysis. The 

outputs of this report will be useful to the task 6.2 in charge of estimation of total LCOE for each FOWT concept 

reference scenario and the initial LCA conduction, considering quantitative data from the industrial partners, 

and also for the task 6.3 dedicated to review the CAPEX, OPEX and LCOE after optimization for cost-reduction 

scenarios. 
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1 Definition of reference scenarios for the LCOE and LCA assessment  
The LCOE and the LCA will be assessed in the FowApp to evaluate the Corewind solutions. To do this, reference 

scenarios are firstly defined as a framework for the assessment, and will be optimised later. 

1.1 Considered wind farm characteristics 
The main characteristics of a floating offshore wind farm are described, as well as the considered options 

according the turbine and the substructures involved in the project. 

1.1.1 Wind turbine 

As reported in D1.1  [1], a 15 MW reference wind turbine will be used in the tool. The turbine is the IEA 15 MW 

defined by NREL with HAWC21 implementation by DTU. Its official definition was already published on March 

2020 to serve as an open benchmark that is defined with publicly available design parameters to be used as a 

baseline for studies [2]. The overall parameters of this turbine are shown in Table 1. 

Table 1. Overall parameters for the IEA 15MW turbine (adapted from [2]D1.1). 

Parameter Specification or quantity and units 

Specific rating 332 W/m2 

Rotor orientation Upwind 

Control Variable speed, collective pitch 

Cut-in wind speed 3 m/s 

Rated wind speed 10.6 m/s 

Cut-out wind speed 25 m/s 

  

Rotor diameter 240 m 

Hub height 150 m 

Hub diameter 7.9 m 

  

Drive train Low speed, direct drive 

Design tip speed ratio 9.0 

Minimum rotor speed 5.0 rpm 

Maximum rotor speed 7.6 rpm 

Maximum tip speed 95 m/s 

  

Shaft tilt angle 6 deg 

Rotor pre-cone angle -4 deg 

Blade pre-bend 4 m 

  

Blade mass 65 t 

RNA mass 1017 t 

Tower mass 860 t 

Tower diameter at base 10 m 

                                                                 

1 HAWC2 is an aeroelastic code intended for calculating wind turbine response in time domain (https://www.hawc2.dk/) 

https://www.hawc2.dk/
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1.1.5 Wind farm layouts 
In the initial reference layouts, the platforms will be linearly arranged to form a rectangular matrix (Figure 1). 

This approach will allow a simple starting point to perform initial calculations and establishing a baseline for 

further works. 

 

 

Figure 1. Rectangular layout for the floating wind farm. 

The separation for the West of Morro Bay site and WindCrete substructure is set to 9 rotor diameters (2160 m) 

between both rows and columns. That is the minimum (rounded) distance required to avoid mooring footprint 

overlapping, if the footprint is defined as a convex polygon where the vertices are the anchors. For the rest of 

scenarios, the separation is set to 7 rotor diameters (1680 m), a rule that is considered general practice; in these 

scenarios, the mooring requirements are less restrictive. 

A generic wind farm layout is proposed for each wind farm capacity defined, with a distance between rows and 

columns as per the previous paragraph. Consequently, the initial layouts are site-independent except for the 

West of Morro Bay site with WindCrete substructures, and are shown in Table 3. 

Table 3. Generic wind farm layouts associated to reference wind farm capacities (rows are perpendicular to prevailing 
wind direction). 

Reference capacity Number of turbines Number of rows Number of columns 

60 MW 4 1 4 

300 MW 20 4 5 

1200 MW 80 8 10 

 

Both the regular matrix arrangement and separation are likely to change after the optimisation depending on 

costs, refined (and less restrictive) mooring requirements and wind distribution. Actually, it is expected the 

evolution experienced by the arrangement of the first (bottom-fixed) offshore wind farms, which was a line or 

regular layout: the recent wind farms are often characterized by a more erratic layout as a consequence of their 

optimisation [8]. 

The layout optimisation model will be defined later, and will take the reference layouts as a baseline. At this 

stage, it is expected that the model will use the LCOE metric and the impact caused on the energy production 

and the costs derived from its modification. A reference that may be used for that purpose is the study of Jorge 

Izquierdo-Pérez et al. [9].  
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wind farm size in both sites. On the other hand, the Morro Bay site is located further (around 60 km), therefore 

HVAC is considered but the HVDC approach may also be analysed for the 1200 MW farm. 

For the 4-turbine farms, offshore substations would represent a high relative cost compared to the wind farm 

cost. Moreover, the distance to shore is not very high for any site. For that reasons, it appears to be more realistic 

assessing that farms without offshore substations, connecting the turbines directly to the onshore substation. 

For the 20-turbine farms, a 300 MW substation may represent a smaller relative cost, therefore it is considered 

for Barra and Morro Bay sites. However, the distance to shore in Gran Canaria is relatively small, and the strings 

may be directly connected to the onshore substation. 5 strings of 4 turbines would ensure a clean cable layout. 

In the case of the 80-turbine farms, two 600 MW offshore substations are considered for all scenarios, as their 

high power justifies their placement regardless of the distance to shore. In this case, 16 strings (8 per substation) 

of 5 turbines each would also ensure a clean and consistent cable layout. 

1.2 Reference scenarios 
The characteristics defined in section 1.1 are grouped in 17 reference scenarios (Table 4). These scenarios define 

baselines that will be compared and optimised later in this project. 

Table 4. Reference scenarios for the LCOE and LCA assessment. 

Scenario Location Separation Capacity Grid connection 

1A 

W of Barra 7D 

60 MW 
4 WT 

Single string to onshore substation 

2A 
300 MW 
20 WT 

5 strings to single offshore substation, plus export 
cable to onshore substation 

3A 
1200 MW 

80 WT 
16 total strings to 2 offshore substations, plus export 

cable to onshore substation 

4A & 4W 

SE of Gran 
Canaria 

7D 

60 MW 
4 WT 

Single string to onshore substation 

5A & 5W 
300 MW 
20 WT 

5 strings to onshore substation 

6A & 6W 
1200 MW 

80 WT 
16 total strings to 2 offshore substations, plus export 

cable to onshore substation 

7A 

W of 
Morro Bay 

7D 60 MW 
4 WT 

Single string to onshore substation 
7W 9D 

8A 7D 300 MW 
20 WT 

5 strings to offshore substation, plus export cable to 
onshore substation 8W 9D 

9A 7D 

1200 MW 
80 WT 

16 total strings to 2 offshore substations, plus export 
cable to onshore substation 9W 9D 

10A* 7D 16 total strings to 2 offshore substations, 2 cables to 
offshore converter substation, plus HVDC export 

cable to onshore substation 10W* 9D 

A: ACTIVEFLOAT, W: WindCrete, 7D & 9D: rotor diameters of separation, WT: Wind Turbine, (*): Additional scenarios that 

eventually may be considered out of scope 
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processes, were generated and sent to the partners to starts the life cycle inventory data for the turbine, 

substation, cables, substructures (ACTIVEFLOAT and WindCrete) and the mooring system. 

 

Figure 5 Data gathering protocol that was followed the LCI. 

The data acquired through the LCI templates are used along with the data from the literature to complete the 

LCI of the wind farm in order to identify and collect the data pertaining to the various materials comprised within 

the different components/sub-components of the various parts of the wind farm.  

Based on the above, the construction of the LCI take into account the life cycle stages that have an influence in 

the LCA assessment. This process has been started in task 6.1 to be continued in task 6.2, since the collection 

data will be carried out during the execution of this last task.  

Under this scenario, the following paragraphs describe the approach taken into account by the tool to quantify 

the environmental impact of each them in next steps of the project. 

Component production: the impact of the component production is calculated while considering the raw 

materials consumption and handling. Types and quantities of materials are the parameters needed for the 

assessment, which are also required for the environmental impact calculation of transports. During the analyzing 

and synthesizing of the inventory data, the environmental impacts per kg of material are calculated to be 

incorporated in the database of the FowApp.  

 

 

 

 

 

 

 










































