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Executive Summary

This report provides information regarding how risk, uncertainty and technology parameters choices
taken during design phase can influence the levelized cost of energy (LCOE) of floating offshore wind
turbines. Following an introduction into LCOE assessment, the second chapter of this deliverable
provides details on the LCOE contributions from different life cycle stages for each of the 4 concepts,
considering the results obtained in WP2. This is the basis for a sensitivity analysis and detailed
analysis of parameters that contribute the most to the final cost as a result of technical decisions at the
design phase.

Chapter 3 of this deliverable focuses on the sensitivity analysis of the LCOE values calculated in WP2
during the Phase | Evaluation and the analysis of the obtained results. The objective is to identify the
parameters that influence the LCOE values the most and thus represent parameters with the highest
cost reduction potentials for floating wind power plants. The results can be useful for floating wind
turbine developers and researchers to improve the cost competitiveness of this technology and last but
not least to accelerate the transition of floating wind to a mature technology. Chapter 4 is
complementary to Chapter 3 as it presents the results of specific scenarios due to the variation of the
LCOE by applying variation ranges based on uncertainty ranges defined by the designers and for the
common components. The ranges are applied on the parameters that most influence the LCOE and that
were obtained in Chapter 3. This analysis serves to identify how much the LCOE could actually vary
based on the defined uncertainty ranges by the designers.

Chapter 5 focuses on disclosing about risk consideration during design that can also lead to a LCOE
reduction. For example, a structured, detailed and well-recorded risk management can increase the
confidence of insurers and financers leading to reduced insurance and cost of financing. Similarly, it
can also reduce the risk contingency budget. In this report, whilst no risks to a specific FOWT are
provided, a list of hazards that can affect any FOWT design is provided. It should be noted that the list
is not exhaustive and the applicability of each hazard is design dependent.

It can be concluded that the parameters that most influence the LCOE are related to the capital
expenses, which is also demonstrated in the life cycle cost contribution of the manufacturing phase in
Chapter 3. This includes the cost of the substructure, turbine and offshore substation due to their
capital intensive investment. For the three sites, the results show further that the discount rate has the
largest influence on the LCOE value for all 4 floating wind turbine concepts. Besides that, it has been
demonstrated that the environmental conditions have a significant impact on the cost. Severe
conditions require the design of a more robust structure but in particular influence the choice of anchor
and mooring system as well as the need for a more specialized installation spread, which impacts the
costs. Besides costs, energy losses in the system are also significant for the LCOE and should tried to
be minimized. Finally, operation and maintenance cost have also been identified as important
parameters to consider especially for West of Barra, where a larger distance to shore is present with
severe met-ocean conditions. The common parameters studied show mostly a similar effect on the
LCOE among the different FOWT concepts. However, a differentiation is found among the offshore
sites. The concept design dependent parameters such as substructure, anchor and mooring cost as well
as installation vessel cost show a different influence among the FOWT concepts and sites, which is
presented in Chapter 3. The extended sensitivity analysis performed in Chapter 4 based on the
provided uncertainty values shows how the LCOE can potential increase or decrease with varying
input parameters among the different FOWT concepts. The individual results for each parameter of
this analysis and for each concept under consideration can be found as a complete list in Appendix 3.

LIFES50+ Deliverable, project 640741 4/63




\ LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design
P

Contents
N 1011 0T (1o {[o] PSSP U PP P PP 6
1.1 Description of the deliverable ...........coov i 6
1.2 Introduction to the LIFES 50+ project and LCOE aSSeSSMeNnt ..........ccccevveveeieniininenenieneenens 6
2 Life cycle cost iN FOWT 0ESIgN PrOCESS. ......ccvitiriiireiereiesesiesiesiesiesse s sne s sne e eenes 10
2.1  Cost details and contribution identifiCation.............cccevvriiiiiiiiniiiiie e 10
3 SENSIIVILY ANAIYSIS .....eiiiriicice e 15
3.1  Methodology of the Sensitivity analySiS.........ccceiiiiieiiiiiiic i 15
3.2 RESUILS ..ottt et et st e ete e s e Reen e e teeRe et e Eeeneeneeeteeeenre s 15
4 SCENAMIOS ANAIYSIS....c.viitieiie ittt e st e e s b e te e e s b e et e e teaae e renre e b e nreere e tenre s 31
4.1  Results for semi-submersible concrete floating offshore wind farm............ccccooviiienens 32
4.2 Results for barge concrete floating offshore wind farm ..o, 34
4.3 Results for semi-submersible steel floating offshore wind farm.............cccoceviiiiinccenne, 37
4.4  Results for TLP steel floating offshore wind farm..............ccooviiiiniiicisiseees 39
LI {151 QT Ted 115 o] o SO SR 41
R O 4 Tod 11 o] 0SSOSR 43
T RETBIBICES ...ttt b e Rttt R et b ettt e s 45
Appendix 1: List of parameters included in the sensitivity analysis .........c.ccocoereieiiiiininnc e, 46
Appendix 2: Parameters excluded from the sensitivity analysis ..........cccoeviiiiiiiiiicie e 50
Appendix 3: Results of analysis of most influencing parameters ............ccoveererereieienisenese e 51

LIFES50+ Deliverable, project 640741 5/63




\ LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

—

1 Introduction

1.1 Description of the deliverable

This report provides information regarding how risk, uncertainty and technology parameters choices
taken at design phase can influence the Levelized Cost of Energy (LCOE) of floating offshore wind
turbines. The deliverable is structured in different chapters, each of them analyses different aspects
that can be considered during the design phase in order to reduce the final LCOE.

As a first analysis, the deliverable presents the results obtained in WP2 during Phase | Evaluation in
order to analyse the contribution of the main life cycle stages to the total life cycle cost for each site
and concept. This analysis will serve as basis to set the sensitivity analysis that will indicate the
parameters that have the largest influence over the LCOE. Afterwards, the sensitivity of the LCOE for
the different floating wind turbine concepts is analysed based on uncertainty values provided by the
concept designers. This serves to identify how much the LCOE value could actually vary based on the
provided sensitivity ranges.

The final chapter focuses on disclosing risk consideration during design that can also lead to LCOE
reduction. For example, a structured, detailed and well-recorded risk management can increase the
confidence of insurers and financers leading to reduced insurance and cost of financing. Similarly, it
can also reduce the contingency. In this report, whilst no risks to a specific floating offshore wind
turbine are provided, a list of hazards that can affect the design is provided. It should be noted that the
list is not exhaustive and the applicability of each hazard is design dependent.

1.2 Introduction to the LIFES 50+ project and LCOE assessment

LIFES 50+ project focuses on floating wind turbines installed at water depths from 50m to about
200m. The consortium partners have chosen to focus on large floating wind turbines (LOMW), which
are seen as the most effective way of reducing the LCOE in a short term.

The objective of the proposed project is two-fold:

1. Optimize and qualify to a TRL of 5, two innovative floating substructure designs for 10MW
wind turbines. The chosen concepts will originate from an existing list of four mature (TRL > 4)
candidates currently designed to support turbines in the region of 5SMW. The selection of the two
concepts will be based on technical, economical, and environmental criteria. The concepts will
undergo an industrialization process to guarantee their MRL at the end of the project. An existing
reference 10MW wind turbine design will be used throughout the project.

2. Develop a streamlined and KPI-based methodology for the evaluation and qualification process of
floating substructures, focusing on technical, economic (LCOE) and environmental aspects as well as
a risk assessment.

Both above-mentioned processes (upscaling of designs and improvement of evaluation/qualification
processes) will culminate into guidelines/recommended practices. They will facilitate innovation and
competition in the industry, reduce risks, and contribute to lower uncertainties in LCOE estimations.
End users for the project deliverables will be designers and manufacturers, but also decision makers
who need to evaluate a concept based on given constraints. Figure 1 shows the four different floating
wind turbine concept designs that are evaluated and qualified in the LIFES 50+ project.
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\ LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

y —
r o

Figure 1: Semi-submersible steel design, Semi-submersible concrete design; Barge concrete design, TLP steel design

Section 1 includes general information that has been agreed on for the LCOE assessment of the
different floating wind turbine designs.

1.2.1 Site considerations

The four floating wind turbine designs have been assessed for three offshore sites. The sites were
chosen by searching the most differentiation possible between their met-ocean conditions. This has led
to three severity levels characterizing the sites, which are moderate, medium and severe environmental
conditions. The main characteristics of the sites are presented below.

Site A
Moderate Environmental Conditions

Germany

Reference location:
Golfe de Fos — France
Water depth: 50-100m

Mean wind speed at 100m: >10m/s ,. P e (ORI

_Herzegovin

France

Hs_50 years: 7m
Soil condition: Sand or Mud

2" Approximate
location of Site A

Reference distance to onshore substation:
38km

Figure 2: Golfe de Fos (France) selected offshore site
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Site B

Medium Environmental Conditions
Reference location: authe ; . BRUNSWICK
Gulf of Maine — USA . “
Water depth: 100-140m

Mean wind speed at 100m: 10.18m/s

MAINE

HS_50 years: 10.48m ¥ . NOVA s“corm
. . VERMONT 3 terk ot
Soil condition: Mud/Clay or San ¥
Reference distance to onshore substation: : A
HAMPSHIRE

57.8km s

MASSA’CH%JSET.'.F_S

ONI‘\IE.C’TICUT
Figure 3: Gulf of Maine (US) selected offshore site

Site C

Severe Environmental Conditions
Reference location:

West of Barra — Scotland

Water depth: 56-118m

Mean wind speed at 100m: 11.26m/s = ‘SCO”’““D
Hs 50 years: 14.27m :

Soil condition: Rock

Reference distance to onshore substation:
180km

United
Kingdom

Newcastle

~~ NORTHERN
> IRELAND {geifast

Y’/‘_‘
2 .u; &
e \
N 2
o Y

Figure 4: West of Barra (Scotland) selected offshore site
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Once the three sites were selected, two additional considerations were done in order to completely
define the met-ocean characterizations:

e Design water depth: The offshore sites are characterized for a certain depth that should be on
the range of real depths of the site. This consideration leads to a better differentiation of the
sites conditions. The final representative depths for which the concept designs are developed
are presented in the following table.

Golfe de Fos Gulf of Maine West of Barra

Design Depth [m]

Table 1: Characterization depth selected for each site

o Soil conditions: Due to the difficulty to achieve accurate data of the soil conditions without the
performance of a geophysical and/or geotechnical campaign (out of the scope of the project),
it was decided to establish standard soil profiles for the sites, where each one of them are
different depending on the general characterization of the soil that could be found in open
references.

More information about the selected offshore sites is provided in the public deliverable D1.1
Oceanographic and meteorological conditions for the design [1].

1.2.2 LCOE calculation

The LCOE calculation is a method used to obtain the cost of one unit energy produced expressed in
€/MWh and is typically applied to compare the cost competitiveness of different power generation
technologies. The LCOE model relates the discounted life cycle cost (LCC) of the floating wind farm
to the total energy provided during the lifetime [2].

CAPEX, + OPEX, + DECEX,, 4

LCOE = Life cycle cost B X T+
Electrical energy provided yn Ee — L
=11+ )t

Here, t represents the years and r the discount rate. The life cycle costs include the capital expenses
(CAPEX), which are the sum of the development, manufacturing, transportation and installation cost,
the operation and maintenance expenses (OPEX) as well as the decommissioning expenses (DECEX).
The LCC calculation is performed for all components of the floating wind farm such as the wind
turbines, the floating foundations and the complete balance of plant. The wind energy that is available
at one of the selected offshore sites Golfe the Fos, Gulf of Maine and West of Barra is calculated
based on the wind data provided for each site and considering the standard Weibull distribution
formula. The energy losses (Lt) take into consideration the wake effect, turbine losses, collection and
transmission losses as well as availability.

LIFES50+ Deliverable, project 640741 9/63
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The LCOE calculation has been carried out for the four floating wind turbine concepts and the three
offshore locations. Furthermore, the calculation takes into account a 500MW offshore wind farm
consisting of 50 units of the DTU 10MW reference wind turbine. The concept designers were required
to provide detailed cost data covering the whole life cycle for their specific substructure design
including inter-array cables and to define the cable lying between turbines. However, the wind farm
layout for each site as well as the cost data for the wind turbine and balance of plant are common and
the same for all concepts.

The LIFES 50+ Overall Evaluation tool named “Floating Offshore Wind Assessment Tool - FOWAT”
has been used for the calculations. The tool has been developed within the project to qualify the four
concepts under economic, environmental, risk and technical perspective. The economic assessment is
performed by the calculation of the LCOE and included in the LCOE module of the tool. FOWAT
performs its calculations using specific data regarding each design and site. A questionnaire has been
prepared and distributed among all concept designers to collect the data that is required by the tool to
compute the LCOE. This includes detailed data concerning the manufacturing, transportation,
installation, operation and maintenance as well as decommissioning of the floating wind turbines.
A common questionnaire was defined for the collection of the data used for the calculation of the life
cycle cost of the common components of the floating wind farm such as the wind turbines, substations
and export cables. Finally, the costs for each life cycle stage have been calculated in the tool,
considering both concept designers data and literature data for common components.

The LCOE calculation is subjected to a certain degree of uncertainty due to the fact that some of the
input data used for calculation of the life cycle costs is given with a specific uncertainty range.
Furthermore, the results are affected by the accuracy and the source of the cost data. Thus,
the comparison and conclusions made in this document are affected by these conditions as well.
Although, the results are highly dependent on the input data both for the designer dependent data and
the data provided for the common components, this makes it even more necessary to perform a
sensitivity analysis to study the degree of uncertainty and to obtain the influence on the final results.

2 Life cycle costin FOWT design process

This section details with the LCC results obtained by each FOWT design at the three selected sites.
The presented results include the LCC breakdown (i.e., development, manufacturing, transportation
and installation, operation and maintenance and decommissioning phase) for each of the analysed
cases. More information about the LCOE, LCA and Risk assessment results obtained for each concept
and site can be found in deliverable D2.6. Likewise, the methodology used to perform the calculations
is presented in both deliverables D2.2 and D2.6. As in previous deliverables, the results shown here
are focused on the analysis of a floating offshore wind farm with 50 floating wind turbine units.

2.1 Cost details and contribution identification

Figure 5 to 8 show LCC breakdown results (in %) for the four FOWT concepts evaluated (barge
concrete, semi-submersible concrete, semi-submersible steel and TLP steel) and at the three sites
considered within the project (Golfe de Fos - GdF, Gulf of Maine — GoM and West of Barra - WoB)
without considering uncertainty ranges in selected input values.

LIFES50+ Deliverable, project 640741 10/63
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As it can be noted, this LCC breakdown is divided into five main categories: development,
manufacturing, transportation + installation, operation + maintenance and decommissioning. With the
aim of not only to detail the differences among these aforementioned categories but also to analyse the
influence of the site selected on the results obtained, all presented figures are shown in proportion to
West of Barra location. Therefore, the sum of all designs phases of LCC do not result 100%, since
they are referred to the West of Barra case. This allows also a better representation of the cost increas-
es among the different sites by not showing only the life cycle cost contribution for a specific site.

Before focusing in any particular FOWT technology, two clear conclusions can be observed from the
results obtained for all the cases evaluated. Firstly, as it can be seen in the figures, the manufacturing
phase is the most influent activity within the LCC for the three selected sites. Such result was
expected since this cost comprises the manufacturing or acquisition of individual components of the
floating offshore wind farm such as wind turbines, substructures, mooring lines, anchors, power cables
and the substation. Furthermore, it includes the storage cost in the port as well as the load-out process.
Secondly, it can be noted that there is a common trend for all FOWT concepts considered that
indicates that LCC costs for West of Barra are much higher than for the other two locations. One of
the contributor to the higher costs is the longer distance from the offshore wind farm to the onshore
substation in comparison with the other two sites (Golfe de Fos — 38km, Gulf of Maine — 57.8km and
West of Barra — 180km). This fact affects very significantly the transportation and O&M tasks, as well
as installation and decommissioning phases. Also, West of Barra has very severe environmental
conditions in comparison with the other places, which impacts the costs. For instance, due to harsher
met-ocean conditions the substructure besides of the mooring system, have to be more robust and
costly. Besides that, the fact that weather windows in West of Barra are much more reduced than in
the other sites due to the aforementioned harsh conditions implies the need of much larger and
specialized vessels, which in turn represent an increment on the installation and transportation costs.

Moreover, soil conditions in West of Barra are more challenging than in Golfe de Fos and Gulf of
Maine since the seabed in West of Barra is rock while at the other sites it consists basically of sand
and mud. This requires a different anchor type than the one used in the other two locations and
depending on the floating wind turbine concept this can impact the manufacturing and especially the
installation cost of anchor and mooring lines.

Likewise, all cases present their lowest LCC cost values for Golfe de Fos site (although for some
FOWT technologies the differences in costs between Golfe de Fos and Gulf of Maine locations is not
very significant), because it has the shortest export cable distance, favourable soil conditions and
moderate met-ocean conditions to install the FOWT considered in this study.

Once the common conclusions from the results obtained are discussed, specific outputs from each
FOWT technology are described. Focusing on LCC (in %) resulted of barge concrete concept, it can
be seen in Figure 5 that transportation and installation has a very relevant influence on the results
having similar costs as O&M tasks mainly because of its highest number of days required to carry out
the process. For the case of West of Barra, transportation and installation costs even overtake O&M
costs as the second more expensive cost within the LCC due to its longer distance to shore and its
more severe seabed conditions and environmental conditions.

LIFES50+ Deliverable, project 640741 11/63
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*Total LCC of GdF and GoM are in proportion to WoB
Figure 5: LCC breakdown of Barge concrete FOWT

Figure 6 shows the LCC breakdown results obtained for the concept of a semi-submersible concrete
FOWT. In this particular case, the most noteworthy result is concerning the low cost resulted for
transportation and installation phase. The reason why this cost has been drastically reduced is because
of its large number of parallel actions performed during the process. Thus, this concept requires more
vessels to perform such activities but the number of rental time can be significantly reduced.

LCC results of the TLP steel FOWT concept are detailed in Figure 7. As it can be seen, due to the
higher cost of both transportation and installation and O&M activities, the ratio between them and

manufacturing process is lower than from other designs (with the exception of the barge concrete
FOWT concept where the same phenomenon occurs).
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Figure 7: LCC breakdown of TLP steel FOWT
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Finally, Figure 8 shows the LCC breakdown resulted for the semi-submersible steel FOWT design. As
it can be noted, the outputs achieved reinforce the results trend observed in the other designs. Hence,
manufacturing phase is the most costly phase of the whole LCC accounting for 50%-70% of the total
LCC. Furthermore, installation and transportation phase for West of Barra is much higher
(approximately double) than for the other two sites, as well as, it occurs with O&M costs.
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Figure 8: LCC breakdown of Semi-Submersible steel FOWT

For the four designs and sites, it can be noticed that the manufacturing stage is the one that contributes
the most to the LCC. That means that decisions that are made during the design phase in terms of
materials, cost of the components and structural requirements do affect the final cost of the
substructure. In order to understand better which components have a major influence on the LCC and
therefore on the LCOE, a sensitivity analysis is performed, focusing on those parameters dealing with
manufacturing choices. The sensitivity analysis is presented in Chapter 3.
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3 Sensitivity analysis

3.1 Methodology of the sensitivity analysis

A sensitivity analysis is generally used to identify how the output of a model reacts to variations in
model inputs given by variables or parameters [3]. The output is defined in this study as the value of
the LCOE of a floating offshore wind farm in €/ MWh. The inputs are parameters that are needed for
the calculation of the LCOE such as costs provided by the concept designers and common costs,
financial variables and energy related parameters. In this study over 325 parameters were included and
the complete list can be found in Appendix 1. The parameters are based mostly on the input data asked
in the LCOE questionnaire with some additional parameters to consider energy losses and financial
parameters such as the discount rate. However, a few parameters have been identified that could not
been included in the sensitivity analysis due to how the FOWAT tool computes the LCOE. This list
can be found in Appendix 2. The quantification of uncertainty in the input is given by a specific range
of variation (e.g. in this case 50% above and below the mean value). The chosen range must be, how-
ever, the same for all input parameters to ensure that the results are comparable.

The sensitivity analysis is performed considering an entire floating wind power plant as well as the
complete life cycle cost and energy losses of the system. The tool FOWAT (Floating Offshore Wind
Assessment Tool) was used to perform the calculations. The sensitivity analysis is carried out for the 4
floating substructure concepts evaluated at phase | of LIFES50+ project. Furthermore, the three
offshore locations West of Barra in Scotland, Gulf of Maine in the USA and Golfe de Fos in France
are considered with their corresponding met-ocean conditions. This allows the comparison between
the concepts and to analyse the influence of different offshore sites. There exist a number of different
methods to perform a sensitivity analysis. The type that is applied in this paper is the One-at-a-time
(OAT) method. It implies to vary one parameter at a time while holding the others fixed. The obtained
results are presented in form of a tornado diagram to represent the effect on the LCOE by the variation
of input data. A threshold value can then be defined that filters the results, which is in this case 1% on
the LCOE value. This minimum variation is required to be counted as a significant input parameter
and is only applied to individual parameters and not considering a group of similar ones. The filtered
results are further studied by defining reasonable variation ranges and to obtain the actual influences
on the LCOE. These results are presented in Chapter 4 and allow to highlight the parameters that need
to be considered in order to reach a defined cost reduction target.

3.2 Results

The obtained results of the parameter variation on the LCOE value are presented as tornado diagrams
below. The different tornado diagrams account for the 4 floating wind turbine concepts and 3 offshore
sites. The parameters are separated in design dependent parameters and common parameters and the
results are presented in two individual graphs for each case. The most influencing parameters based on
the 1% minimum variation criteria are summarized in Table 2 and discussed in Chapter 3.2.13.
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3.2.1 Results for Semi-submersible Concrete, Golfe de Fos
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3.2.2 Results for Semi-submersible Concrete, Gulf of Maine

D7.6: Framework for LCOE, uncertainty and risk considerations during design

Designer Parameters

Concaps semt vtmersiiey <ontres

OM_corrective_comp._sepat_cost

Pvpep—
on_vassel_cuantity_fa
Dramprs s ity st

o
[ —g———
Do _sts_quarity_port_sctmies

Docom,_wessel_rentai_time._post_actiies

S ——
[P ——
[P pR————

o -
etalation._<rans_teatal T 15
nstailation_crane_quan

[o I —————

00, eeventive_comu_repals_cont

amption

EOLM_selling_price_T>

148

Common Parameters

Concept: Semisubmersible Concrete
Location: Gulfof Maine

4000

Disc_Rate
Manufacturing_turbine_cost

Manulacturng 056 cos

Manutacturing Fxport_cable_lengh
Aallabily_loss

Ener gy_Turbine_loss
OM_vessel_sctivites_prevent_malat_<omamon
Manutacturing_Export_cable_cost

Develop._cost

OM_vessal comp_fepair_prevent_fraint_common
Opeation_cost
OM_talure_rate_corrective_maiit_common

OM_com_repaie_corrective_malnt_common
Install_vessel_quantiy_exp_cable

Instal_vessel dayeate_common

Enery O3S lows

OM_vessel_dayrate_common
Instal_vessel_rent_time_exp_cable
OM_vessel_quantity_prevent_maint_comimon

M _vessel_quantity_corrective_maint_commen
OM_vessel_rontal time_prevent_maint_comman
OM_yessel_rental_time_corrective_int_commen
1 cont

OM._yessel_pwer_coo
OM_vessel_fuel consuig_common
Instad_vessel_mobdemob_commen

nstal_vessel_quantiiy_oss

M vessel_time._aper_prevent_malit_common
OM_vessel_time_oper_correstive_maint_common
Install_vessel_rent_time_oss

IRSLAI_vessel_power_common
Instal_vessel_comumplion_commsn

Install_vessel_time_oper_oss
Decomm_vessel_dayrate_commen
Decomm_vessel_fental time_oss
EOUM process_cost_common
EOLM_disposal_cost_common
stall_crane_quantity_exp_cable
Instal_crane_dayeate_co

Instal_crane_rental_time_exp_cable

Decomm_vessed_consumption_co
Decomm_vessel_time_oper_oss
Decomm,_aux_quantity_port_common
Decomm_rane_gaprate_common
Decomm_aux_rental_time_port_common
Install_crane_power_common
nstall_crane_consumption_common
Install_crane_time_oger_exp_cable
Decomm_ane_power_common
Decomm_crane_consumption_commen
Decomm_aux_time_aper_port_common
EOUM_aus_dayeate_eommimon

EOUM_aun_sental tine_common
EOLM_aux_quantity_commen
EOUM_vehicle_dayrate_common
EOLM_vehicle_quantity_common
FOLM_vehicle_rentl
Manulacturing Omhore_substation_cost
Inatal_crane_purchase_common
Insta_vessel_time_operat_exp_cable
Install_dives_time_exp_cable
Install_diver_cost_exp_cable

nstall diver_amount_exp_cable
Install_crane_quanlity_oss

nstai_crane_fental tene_oss
Install crane_time_oper_oss
nstal_thrs,_time_oss
tal_diers_cost_oss
Instal_tves_armount_oss
instal_crane_rental_time_orsub
Wstal_exane_time_oper_ansib
irstal_crane_guantity_orsub

nstsl prep,cement_orsb
Install_commissioring
nstal_insurance
OM_cane_dayrate_common
OM_crane._purchase_rice,_common
M crane._power_<ommon

OM_crane_comumption
OM_cost_diver_common
OM_time_diver_pieven_maint_comman
0M_amount_diver_prevent_malnt_common
OM_amount_diver_comrect_maint_comman
M _time,_diver_correct_maint_common
OM_ana_sent_time._prevenl_maint_<omimon
OM sz time._aper_prevert_malnt_common
OM_aur_quantity_prevent_maint_comman
OM_atx_rertal_time_caerective_malit_common
OM_aun_time_oper_corteethve_maint_common
OM_aus_quantity_corrective_maint_common
Decomm_ane_purchase_prse_common
Decomm_vessel_rental_time_expcabel
Deconnan_vessel_tie_opes_expeabel
Decomm_vessel_quantity_expeabel
Decomm_awx_quantity_expcate]
Decomm_aus_time_oper_exgeabel
Decomm_aux_rental_time._expeabel

pcsoel
Decomm_hes_amount_expcabel
Decomm_dives_cost_expcabel
Becon

Decomm_giver_time,

aquantity_oss
Decomm_aux time_oper_oss
Decomm_a_rental time_oss
Decomm_dwer_amount_oss
Decomm_diver_time_oss
Decomin_diver_Gost_oss
Decorm_aux_quantity_onsubst
Decomm_aux time_oper_onsubst
Decomm_aue_rental_time_onsubst

Decomm_storage_irea_common
Decomen_storage_area_rental_common
Decoman_storage_siea_ental_tine_conion
Decomm_vessel_rental_time_port_common
Decomm_vessel time_aper_port common
Decomm_vessel_quantity_port common
EOUM_process_cuantity,common

FOUM _selfing._quantiy_cor

FOLM _disposal_cuantity_<omemon
KOUM_distance_saledaposal_common

EOLM_vehicle_time _oper_cominon
EOLM_vehicle_comumption_commen
EOLM_vehicle_poer_cosmimon
EOLM_aux_time_oper_common
EOLM_aux_consumption_comman
EOUM_auix_power_common
EOLM_seling_prce_comman
Uatime

Energy_production

000 2000

N

om0 1000

3000

1895

150 e— 50
357 — 2
109 e— 3
108 m—1 19
48— 48
240 w—0 40
238 w— 35
214 w— 214
155 m— 155

107 w—1.07
078 =078
052 = 052
050 = 050
050 = 051
048 = 048
046 = 046
034 034
029 =0
026 % 036
oz vom
oM bo1
013 043
013 1043
anzon
anon
007 | 007
206 | 006
001 | 008
o0 | om
001 | 001
001 | 001
001 ) o0t
000 ) 000
000 ) 0.00
000 ) 0.00
000 ) 000
000 | 000
000 ) 000
000 ) 000
000 | 000
000 | 000
000 ) 000
000 ) 000
000 ) 0.00
00 | 000
000 | 000
000 ) 000
000 | 000
000 ) 000
000 ) 000
000 ) 000
000 ) 000
000 ) 000
000 | 000
000 ) 000
000 ) 000
000 ) 000
000 000
000 000
000 000
o
[y
000
000
[y
[y
om0
oo
om
om0
om0
om0
[y
oo
oo
oo
000
om0
[y
om0
oo
000
000
000
[
000
[y
om0
000
[y
om0
oo
0so
[y
[y
om0
000
00
o
om0
om0
000
oo
000
oo
000
oo
om0
oo
000
oo
om0
000
000
000
000
om0
000
om0
[y
om0
000
000
[y
oo
080
om0
000
om om

210 m—1 1

1835

LIFES50+ Deliverable, project 640741

17/63




D7.6: Framework for LCOE, uncertainty and risk considerations during design

\ LIFES50+

3.2.3 Results for Semi-submersible Concrete, West of Barra
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3.2.4 Results for Barge Concrete, Golfe de

D7.6: Framework for LCOE, uncertainty and risk considerations during design
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LIFES50+

3.2.5

Results for Barge Concrete, Gulf of Maine

D7.6: Framework for LCOE, uncertainty and risk considerations during design
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LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

3.2.6 Results for Barge Concrete, West of Barra
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LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

3.2.7 Results for Semi-submersible Steel, Golfe de Fos
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\ LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

3.2.8 Results for Semi-submersible Steel, Gulf of Maine
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3.2.9 Results for Semi-submersible Steel,

D7.6: Framework for LCOE, uncertainty and risk considerations during design

West of Barra
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3.2.10 Results for TLP Steel, Golfe de Fos

D7.6: Framework for LCOE, uncertainty and risk considerations during design
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LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

3.2.11 Results for TLP Steel, Gulf of Maine
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D7.6: Framework for LCOE, uncertainty and risk considerations during design

3.2.12 Results for TLP Steel, West of Barra
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3.2.13 Most influencing parameters

Table 2 shows the most influencing design dependent parameters for the different floating wind
turbine concepts and offshore sites with their respective variation on the LCOE value in percentage.
The resulting LCOE variations are obtained from the 50% change in the input parameters. The ones
that have a significant impact on the LCOE (larger than 1%) are presented below in the tables.

It should be remarked that the results of the sensitivity analysis here reported are subjected to the
validity of the data supplied by the concept designer’s and conclusions are limited to those specific
designs and scenarios.

Concept Semi- Barge Semi-submersible Tension Leg
submersible Concrete Steel Platform
Offshore Site Parameter Concrete Steel
‘ Variation (%) Variation (%) Variation (%) Variation (%)
Substructure cost -12.41 +12.41 -14.14 +14.14 -15.29 +15.29 -8.24 +8.24
IAC Iength -3.14 +3.15 -2.12 +2.14 -2.19 +2.21 -2.15 +2.16
IAC cost -2.40 +2.40 -1.62 +1.62 -1.23 +1.23 -0.89 +0.89
Bl ale Mooring cost -1.61 +1.61 -1.17 +1.17 -0.94 +0.94 -1.42 +1.42
Fos Install. vessel -1.07 +1.07 -3.20 +3.20 -1.18 +1.18 -2.75 +2.75
dayrate
Anchor cost -0.38 +0.38 -0.67 +0.67 -0.20 +0.20 -1.93 +1.93
A&M vessel -0.29 +0.29 -2.51 +2.51 -0.45 +0.45 -1.67 +1.67
rental time
Substructure cost -11.44 +11.44 -14.29 +14.29 -15.54 +15.54 -8.85 +8.85
IAC Iength -3.13 +3.14 -1.98 2.00 -2.18 +2.21 -1.94 +1.95
IAC cost -2.45 +2.45 -1.51 +1.51 -1.21 +1.21 -0.94 +0.94
e Mooring cost -1.99 +1.99 -2.23 +2.23 -1.75 +1.75 -1.47 +1.47
Maine Anchor cost -0.43 +0.43 -0.90 +0.90 -0.27 +0.27 -2.00 +2.00
Install. vessel -0.99 +0.99 -3.46 +3.46 -1.14 +1.14 -2.94 +2.94
dayrate
A&M vessel -0.26 +0.26 -2.83 +2.83 -0.45 +0.45 -2.02 +2.02
rental time
Substructure cost -9.15 +9.15 -10.73 +10.73 -12.15 +12.15 -7.15 +7.15
Mooring cost -3.01 +3.01 -2.31 +2.31 -1.77 +1.77 -1.03 +1.03
IAC Iength -2.28 +2.29 -1.62 +1.64 -1.98 +2.02 -1.30 +1.31
IAC cost -1.71 +1.71 -1.06 +1.06 -0.95 +0.95 -0.64 +0.64
West of
B Anchor cost -020 +020  -0.92 +0.92 -0.61 +0.61 -0.55 +0.55
Install. vessel -1.03 +1.03 -7.96 +7.96 -1.55 +1.55 -5.12 +5.12
dayrate
A&M vessel -0.43 +0.43 -7.07 +7.07 -0.83 +0.83 -4.67 +4.67
rental time

Table 2: Most influencing floating substructure dependent parameters

Next, each of the parameters is explained as well as the results presented and compared among the
concepts and offshore sites. The floating substructure dependent parameter that shows the largest
influence on the LCOE across all sites and FOWT concepts is the substructure cost.
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This parameter represents the total manufacturing cost of the substructure including all components
and equipment as well as the tower, because the tower has been considered as a design dependent
component. The highest effect on the LCOE caused by the 50% variation of this parameter is seen by
the Gulf of Maine site for the semi-submersible steel and the barge concrete concept. The TLP steel
and semi-submersible concepts experience the highest LCOE variation caused by this parameter for
Golf de Fos offshore site. The LCOE variation caused by an increase and decrease of the substructure
cost becomes less for West of Barra for all 4 concepts, but it is still the most influent of the floating
substructure design dependent parameters. However, one should not assume that the lower variation of
the LCOE means lower substructure cost. The opposite is the case. The substructure manufacturing
cost increased for the West of Barra site, because of the harsher environmental conditions, but the total
cost of the manufacturing phase increased even more, which causes the portion of the substructure cost
to be less. The TLP is the less affected concept among the 4 FOWT studied concerning the change of
the substructure cost. The reason is the lower cost of the floating substructure without considering
mooring and anchor system.

The inter-array cable length and cost are the next predominant parameters that influence the LCOE.
Whereas an increase or decrease of the cable cost only affects the cost of the manufacturing and
decommissioning phase, the cable length affects the entire life cycle, because the length influences the
acquisition cost, the transportation and installation time and cost, as well as the cost for maintenance
and decommissioning. Furthermore, with a longer power cable the energy losses increase and thus
affect negatively the LCOE. However, it should be noted that no changes of the wake effect have been
considered in the variation of the inter-array cable length parameter study. A larger influence of the
inter-array cable length and cost among the different FOWT can be seen for the semi-submersible
concrete concept. However, comparing between the offshore sites there is no large difference between
Golfe de Fos and Gulf of Maine observable. However, West of Barra experiences a slightly lower
variation of the LCOE value based on the change of inter-array cable length and cost.

The mooring and anchor cost possess also a significant impact on the LCOE. In Table 2 the influence
of both components on the LCOE is presented separately. However, combining both parameters could
even result into having a larger influence on the LCOE than the inter-array cable for some FOWT
concepts and offshore sites. As expected the TLP concepts shows the largest effect on the LCOE by
the variation of both anchor and mooring cost for Golfe de Fos and Gulf of Maine, because due to the
nature of this concept the anchor and mooring system needs to be well designed to ensure stability and
station keeping. Furthermore, a different type of anchor is needed to take the high loads predominantly
in vertical direction. This results to increased cost for the anchor and mooring system and a larger
influence on the LCOE. West of Barra shows a slightly different picture. Because soil conditions at
this site are more challenging than in Golfe de Fos and Gulf of Maine, a different anchor type is
required also for the semi-submersible and barge concepts. The more severe environmental conditions
require in addition to either choose a more robust mooring system or to increase the number of moor-
ing lines. These provisions result in increased costs and are also reflected in a higher LCOE variation
at this site for 3 of the 4 FOWT concepts. It can be seen from Table 2 that the mooring cost becomes
more important at this site for the semi-submersibles and barge concept, where it represents for 2 of
the 4 concepts the second most influent parameter. It can also be seen that the LCOE of the TLP con-
cept is less sensitive to a variation of anchor and mooring cost for West of Barra. However, the influ-
ence of the installation vessel day rate and the anchor and mooring (A&M) vessel rental time has
increased since higher specialized vessels spread are required for installing anchor and mooring
system in reduced weather windows at this site.
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It can be concluded that the floating substructure design dependent parameters that most vary the
LCOE across all concepts and offshore sites are capital cost related. This includes the cost of the
substructure, inter-array power cable cost and length as well as mooring and anchor cost. Besides that,
the installation vessel day rate and rental time have also a significant influence. Table 3 shows the
most influencing common parameter, which account for the turbine, balance of plant, energy related

and economic parameters.

Offshore Site

Golfe de
Fos

Gulf of
Maine

West of
Barra

Concept
Parameter

Discount rate
Turbine cost
Energy production

Offshore substation
cost

Turbine elec. loss
Availability loss
Operation cost
Development cost
Export cable length
Export cable cost

0O&M prev.
activities

O&M corr. failure
rate

Lifetime

Discount rate
Turbine cost
Energy production

Offshore substation
cost

Availability loss
Turbine elec. loss
Export cable length

O&M prev.
activities

Export cable cost
Development cost

0&M prev. repair
cost

Operation cost

0&M corr. failure
rate

Lifetime

Discount rate
Export cable length
Turbine cost

Energy production

Export cable cost

Operation cost

Availability loss
Turbine elec. loss
Q&M prev.
activities

O&M prev. repair
cost

0SS cost
Development cost

Install vessel Ex
Cable

Lifetime

Semi-
submersible
Concrete
Variation (%)
-32.24  +36.34
-20009  +20.09
+11.08  -9.07
-3.75 +3.75
-308  +3.28
-256  +2.70
-256  +256
-241 +241
-220 +234
-158  +158
-117 4117
-114 +114
+185  -2.12
-31.76 +35.82
-1895 +18.95
+11.08  -9.07
-380  +3.80
-309  +330
-308  +3.29
-357 4425
-248  +248
-240  +2.40
-238 +2.38
-214 +214
-188  +1.88
-107  +1.07
+183  -2.10
-29.19  +32.98
-19.10  +73.23
-13.64 +13.64
+11.08 -9.06
-581  +5.81
-4.96 +4.96
-417  +455
-349 4375
-3.04 +3.04
-271 4271
-264  +264
-219 4219
-116  +1.16
+171  -195

Barge
Concrete
Variation (%)

-31.24 +3573
-15.84  +15.84
+11.11 -9.09
-2.95 +2.95
-3.06 -3.27
-2.56 +2.70
-2.02 +2.02
-2.40 +2.40
-1.65 +1.76
-1.16 +1.16
-0.92 +0.92
-0.90 +0.90
+2.04 -2.27
-3094  +3544
-1408  +14.08
+11.11 -9.09
-2.82 +2.82
-3.09 +3.30
-3.07 +3.27
-213 +2.46
-1.84 +1.84
-1.41 +1.41
-2.38 +2.38
-1.59 +1.59
-1.39 +1.39
-0.80 +0.80
+2.05 -2.27
-2949  +33.83
-17.15  +7091
-9.01 +9.01
+11.11  -9.09
-3.84 +3.84
-3.28 +3.28
-4.17 +4.55
-3.47 +3.74
-2.01 +2.01
-1.79 +1.79
-1.74 +1.74
-2.27 +2.27
-0.77 +0.77
+1.97 =24

Semi-
submersible
Steel
Variation (%)
-32.15 +36.45
-1822  +18.22
+1111  -9.09
-3.40 +3.40
-3.05 +3.25
-2.56 +2.70
-2.32 +2.32
-2.43 +2.43
-1.89 +2.01
-1.35 +1.35
-1.06 +1.06
-1.03 +1.03
+1.94 -2.20
-31.84  +36.09
-1636  +16.36
+1111  -9.09
-3.28 +3.28
-3.09 +3.30
-3.05 +3.25
-2.53 +2.91
-2.14 +2.14
-171 +1.71
-2.40 +2.40
-1.85 +1.85
-1.62 +1.62
-0.93 +0.93
+1.92 -2.18
-29.58 3353
-18.43  +71.20
-12.46  +12.46
+1111  -9.08
-5.27 +5.27
-4.53 +4.53
-4.17 +4.55
-3.45 +3.71
-2.78 +2.78
-2.48 +2.48
-0.57 +0.58
-2.23 +2.23
-1.06 +1.06
+1.79 -2.03

Table 3: Most influencing common parameters

LIFES50+ Deliverable, project 640741

Tension Leg
Platform
Steel
Variation (%)
-31.28 +35.49
-2175  +2177
+11.05  -9.04
- 4.06 +4.06
-307  +327
-256 +2.70
-276  +2.76
-237 +2.37
-196 +2.04
-144 +1.44
-127 4127
-123 +1.23
+1.90 -2.15
-3133  +3546
-1922  +19.22
+11.06  -9.05
-385 +3.85
-3.09 +3.30
-3.07 +3.28
-3.40 +3.99
-251 +2.51
-231 +231
-2.36 +2.36
-217 +2.17
-190  +1.90
-109 +1.09
+1.86 -2.12
-2873  +3253
-17.40 45821
-1402 +1402
+11.04  -9.04
-5.68 +5.68
-5.10 +5.10
-4.17 +4.55
-341 +3.66
-3.12 +3.12
-279 +279
-271 +2.71
-217 +2.17
-114 +1.14
+1.72 -1.96
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As the common parameters are the same for the FOWT concepts there is no large difference among
them concerning the LCOE variation. However, there are some differences among the offshore sites
and the most significant common parameters that influence the LCOE are presented here. The
discount rate, which is based on the weighted average cost of capital (WACC), is the first parameter
listed in Table 3 and is the one that has the highest influence on the LCOE among all input parameters
studied for all FOWT and offshore sites. A 50% increase or decrease of the mean value causes a
variation of the LCOE by around 30% or more in positive and negative direction. Thus, a well-chosen
discount rate is of high importance for the LCOE calculation. The cost of the wind turbine has the
second highest influence among the common parameters. It covers the acquisition cost of all
components of the wind turbine excluding the tower and is the same for all three offshore sites.
Table 3 shows that the influence on the LCOE by the cost of the wind turbine from Golfe de Fos to
West of Barra decreases, which is based on the decreasing ratio of the wind turbine cost to the total
manufacturing cost and LCC since other cost components are increasing their share. For example the
parameters export cable cost and length increase their influence and especially for West of Barra,
where the export cable length is the second most influent common parameter, which is based on the
longer distance to shore from the floating offshore wind farm location. In particular, the longer export
cable increases not only the cost but also the energy loss in the cable.

Energy related parameters that were analysed such as the overall net production, availability loss and
turbine electrical losses have also a larger impact on the LCOE. Therefore, energy losses in the system
in general should be tried to be minimized. Furthermore, it should be noted that a different variation
range was chosen for the lifetime and energy production because these are highly sensitive parameters.
A 10% range was applied instead of the 50%. Table 3 shows also that increasing the energy
production and the lifetime by 10% cause a decrease of the LCOE value, whereas an increase of the
other parameters result into a higher LCOE. The offshore substation cost has also a significant effect
on the LCOE due to large capital investment required. For Golfe de Fos and Gulf of Maine it is the
fourth most influent parameter with a LCOE change of 3 to 4% in positive and negative direction,
whereas West of Barra is less sensitive. The operation cost and development cost have also a larger
influence on the LCOE value. The operation cost includes expenses such as annual seabed rent, insur-
ance or transmission charges. Furthermore, West of Barra shows a larger sensitivity to the operation
cost than the other two sites reflecting the transmission charges at the site. Moreover it was found that
maintenance has a larger impact on the LCOE with about 1-3% depending on the site. In particular,
the number of preventive maintenance activities and the component repair cost. In addition, the correc-
tive maintenance failure rate has also larger influence on the LCOE.

4 Scenarios analysis

This chapter is complementary to Chapter 3 as it presents the results of specific scenarios due to the
variation of the LCOE by applying variation ranges based on uncertainty ranges defined by the
designers and for the common components. The ranges are applied on the parameters that most influ-
ence the LCOE and that were obtained in Chapter 3. This analysis serves to identify how much the
LCOE could actually vary based on the defined uncertainty ranges defined by the concept designers.
The complete list of results can be found in Appendix 3, whereas in this chapter the results are
graphically presented and discussed with reference to each of floating offshore wind farms based on
the different FOWT concepts.
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4.1 Results for semi-submersible concrete floating offshore wind farm
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Figure 9: Specific scenarios results for semi-submersible concrete concept

For the floating offshore wind farm based on the semi-submersible concrete concept it can be seen that
the discount rate has the largest influence on the LCOE with the highest slope of the LCOE variation
line among the parameters studied and for the three offshore sites. For example, a 13% decrease of the
LCOE is achievable by lowering the discount rate by around 20%. On the other hand when the dis-
count rate is chosen too high, for example with a 20% increase, the LCOE can rise by about 14%.
The energy production possesses the second highest LCOE variation potential with a negative slope
representing a LCOE decrease with a higher energy yield. For instance, a 5% higher energy produc-
tion results for this concept in a 4.75% lower LCOE value. Similar to the energy production, the
availability loss has also a significant influence on the LCOE. Thus, energy losses in the system
should be tried to be minimized. The next important parameter, based on the provided sensitivity
ranges by the concept designer, is the substructure cost. For the offshore site Golfe de Fos a 20%
lower substructure cost can cause a LCOE decline by nearly 5%, whereas an increase of the
substructure cost has the opposite effect and rises the LCOE by 5%. The sensitivity to this parameter
decreases a bit with the different offshore site. For West of Barra the LCOE varies about 3.6% with
the same substructure cost variation.

The wind turbine cost shows also a greater influence on the LCOE value represented by its steep line.
For example, a LCOE decrease of 3% can be achieved by lower the cost of the wind turbine by about
7%. The lifetime has also a significant influence. By increasing the lifetime 3 years the LCOE value
can be lowered by 2.5 to 3% due to the higher energy production. However, in case of a further expan-
sion of the lifetime investments would be required that have been considered here and which would
affect negatively the LCOE.

LIFES50+ Deliverable, project 640741 33/63




LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

Furthermore, some parameters show an increased impact on the LCOE for the offshore site West of
Barra such as the export cable length and the operation cost, which have also been found as significant
parameters for this site in Chapter 3. For instance, a 6km shorter export cable can reduce the LCOE for
this site by more than 2.1%. Further parameters to be mentioned here that are significant for all three
sites and result in a LCOE variation larger than 1% are the inter-array cable length and offshore sub-
station cost. Parameters that possess a lower influence on the LCOE based on the sensitivity ranges
provided by the concept designer are the anchor and mooring cost, installation vessel day rate and
preventive maintenance activities. However, it is observable that for West of Barra the influence on
the LCOE of the preventive maintenance activities and cost slightly increases.

4.2 Results for barge concrete floating offshore wind farm
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Figure 10: Specific scenarios results for barge concrete concept
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For the floating offshore wind farm based on the barge concrete concept it can be seen similar to the
previous concept that the discount rate has the largest influence on the LCOE with the highest slope of
the LCOE variation line among the parameters studied. The LCOE variation is also similar with a 13%
decrease of the LCOE achievable by lowering the discount rate by 20%. The energy production pos-
sesses the second highest LCOE variation potential. For example, a 5% higher energy production
results for this concept in a 4.7% lower LCOE value. Similar to the energy production, the availability
loss has also a significant influence on the LCOE. The substructure cost can be identified has the third
most influent parameter based on the provided sensitivity ranges by the concept designer. For the
offshore site Golfe de Fos a 15% lower substructure cost causes a LCOE decline by about 4.2%,
whereas an increase of the substructure cost by 5%, which is the highest anticipated variation range,
results in a 1.4% increase of the LCOE. The sensitivity to this parameter decreases with the different
offshore sites. For example, for West of Barra a potential substructure cost decline of 10% results in a
2.1% decrease of the LCOE value. Another significant parameter is the lifetime, which shows a LCOE
decline by about 2.8% for a 3 years life extension.

The next most influencing parameters for this concept based on the defined sensitivity ranges are the
wind turbine cost and availability rate. For example, a LCOE decrease of 2.2% can be achieved by
lower the cost of the wind turbine by about 7%. Increasing the wind turbine availability achieves also
a lower LCOE and for this concept the highest decline can be reached for West of Barra resulting in a
4.1% decrease of the LCOE value. Similar to the previous FOWT concept and since they are common
components it can be seen that the parameters exporter cable length and operation cost cause a higher
LCOE variation for the West of Barra site. However, in particular for this concept and the site West of
Barra it can be observed that the anchor and mooring vessel rental time and vessel day rate have a
higher LCOE variation potential. For example, a 10% shorter anchor and mooring vessel rental time
decreases the LCOE by 1.4% and a 20% higher rental time on the contrary could increase the LCOE
by 2.8%. For the installation vessel day rate, a 10% lower rate could decrease the LCOE by more than
1.5%. Further parameters to be mentioned here that are significant for all three sites and result in a
LCOE variation larger than 1% are the inter-array cable length and offshore substation cost.
Parameters that possess a lower influence on the LCOE based on the sensitivity ranges provided by the
concept designer are the anchor and mooring cost, development cost and preventive maintenance
activities.

LIFES50+ Deliverable, project 640741 36/63




LIFES50+

)

4.3 Results for semi-submersible steel floating offshore wind farm

D7.6: Framework for LCOE, uncertainty and risk considerations during design

LCOE Variation (%)

Golfe de Fos

1 1 1 1

-20 0 20 40
Parameter variation (%)

60

— Discount rate
Availability loss
Turbine cost
e Substructure cost
Anchor cost
-~-- Mooring cost
— Offshore substation cost
----= A&M vessel rental time
Installation vessel dayrate designer
Installation vessel export cable
Turbine el. loss
-==- 0O&M corrective failure rate common
Development costs in % of CAPEX
-~~~ Export cable length
Export cable cost
---=AC cable length
IAC cable cost
-~~~ Operation cost
—— O&M preventive activities common
O&M preventive repair cost common
Energy production
---- Life time

151

10

LCOE Variation (%)

Gulf of Maine

1 1 1 1

-20 0 20 40
Parameter variation (%)

60

—— Discount rate
Availability loss
-~ Turbine cost
ipimo Substructure cost
Anchor cost
-==- Mooring cost
— Offshore substation cost
-=-- A&M vessel rental time
Installation vessel dayrate designer
Installation vessel export cable
Turbine el. loss
-=--0O&M corrective failure rate common
Development costs in % of CAPEX
-~~~ Export cable length
Export cable cost
-==-AC cable length
IAC cable cost
-~~~ Operation cost
—— O&M preventive activities common
O&M preventive repair cost common
Energy production
---- Life time

LIFES50+ Deliverable, project 640741

37/63




\
/

LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

\

West of Barra

Discount rate
Availability loss
Turbine cost

/ -==- Substructure cost

10 F Anchor cost

i --- Mooring cost

— Offshore substation cost

-=-- A&M vessel rental time
Installation vessel dayrate designer
Installation vessel export cable
Turbine el. loss

-=--0O&M corrective failure rate common
Development costs in % of CAPEX
Export cable length
Export cable cost

---=-]AC cable length
IAC cable cost
Operation cost

—— O&M preventive activities common
O&M preventive repair cost common|

— Energy production

---- Life time

LCOE Variation (%)

-10

_1 5 1 1 1 1 1 ]
-60 -40 -20 0 20 40 60

Parameter variation (%)

Figure 11: Specific scenarios results for semi-submersible steel concept

For the floating offshore wind farm based on the semi-submersible steel FOWT concept it can be seen
that similar to the previous concepts parameters such as the discount rate, energy production and
substructure cost possess the largest influence on the LCOE. For instance, a 20% reduction in the
floating substructure cost results in a decrease of more than 6.1% of the LCOE for the case of Golfe de
Fos site. For Gulf of Maine, a 25% decrease in the substructure cost can result in a LCOE decline of
more than 7.7%. The wind turbine cost and availability show also a greater influence on the LCOE
value represented by its steep lines. For example, a LCOE decrease of 2.8% can be achieved by lower
the cost of the wind turbine by about 7.6%. The lifetime has also a significant influence. By increasing
the lifetime 3 years the LCOE value can be lowered by 2.5 to 2.8% depending on the different
offshore site. Parameters that have a lower potential but still can vary the LCOE by around 1% are
installation vessel day rate, offshore substation cost and turbine electrical loss. However, in case of the
vessel day rate a higher variation range was defined than for the other FOWTSs concepts to reach the
1% LCOE variation. For West of Barra a similar tendency to the increased influence on the LCOE can
be observed for the export cable length and operation cost than for the previous concepts. For instance,
a 6km shorter export cable can reduce the LCOE for this site by more than 2.1%. Parameters that
possess a lower influence on the LCOE (<1%) based on the sensitivity ranges provided by the concept
designer are the anchor and mooring cost, anchor and mooring installation vessel rent and installation
vessel day rate, as well as inter-array cable cost and development cost. However, it can be overserved
that the West of Barra offshore site shows a slightly higher sensitivity to the preventive maintenance
activities than the other offshore sites. For instance, a 20% decline in the preventive maintenance cost
can cause a 1.1% reduction in the LCOE value.

LIFES50+ Deliverable, project 640741 38/63




P

LIFES50+

D7.6: Framework for LCOE, uncertainty and risk considerations during design

—

4.4 Results for TLP steel floating offshore wind farm
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Figure 12: Specific scenarios results for TLP steel concept

For the floating offshore wind farm based on the TLP steel concept it can be seen that the discount rate
has the largest influence on the LCOE. For example, lowering the discount rate by 20 can decrease the
LCOE by 12-13% for the three offshore sites. On the other hand when the discount rate is chosen too
high, for example with a 20% increase, the LCOE can rise by about 12 to 14%. The energy production
possesses the second highest LCOE variation potential with a negative slope representing a LCOE
decrease with a higher energy yield. For instance, a 5% higher energy production at the Gulfe de Fos
site would result in a 4.5% lower LCOE. Similar to the energy production, the availability of the wind
turbines has also a significant influence on the LCOE. By reducing the availability loss rate by half the
LCOE value can be decreased by more than 2.5%. The next important parameter, based on the defined
sensitivity ranges, is the wind turbine cost. For example for the offshore Golfe de Fos a LCOE
decrease of 3.3% can be achieved by lowering the cost of the wind turbine by about 7.6%. The life-
time has also a significant influence. By increasing the lifetime 3 years the LCOE value can be
lowered by 2.4 to 2.7% due to the higher energy production. However, in case of a further expansion
of the lifetime investments would be required that have been considered here and which would affect
negatively the LCOE. Furthermore, some parameters show an increased impact on the LCOE for the
offshore site West of Barra such as the export cable length and the operation cost. For instance, at the
West of Barra offshore site a 7km shorter export cable can reduce the LCOE for this site by nearly 2%.
Further parameters to be mentioned here that are significant for all three sites and result in a LCOE
variation larger than 1% are the inter-array cable length, turbine electrical loss and offshore substation
cost. Parameters that possess a lower influence on the LCOE based on the sensitivity ranges provided
by the concept designer are installation vessel day rate, preventive maintenance repair cost and
corrective failure rate. However, it is observable that for West of Barra the influence on the LCOE of
the preventive maintenance activities and cost slightly increases.
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5 Riskinclusion

Risk consideration during the design stage of a FOWT s crucial. It can aid in choosing between
different design options (e.g. to have a single or multiple landing points) and reduce future expenditure
and reputational damage by considering and modifying hazards before they occur (e.g. identifying an
O&M hazard that leads to a design alteration and prevents the FOWT from having a catastrophic
failure that would have led to reputational damage).

Risk consideration during design can also lead to LCOE reduction. For example, a structured, detailed
and well-recorded risk management can increase the confidence of insurers and financers leading to
reduced insurance and cost of financing. Similarly, it can also reduce the contingency.

Risk management, including as a part of the design process, can be extensive and depends, among
other things, on the particular system, the complexity of the system and tools/methods used to perform
it (e.g. a detailed failure mode effect and criticality analysis can take a lot of time and be resource
intensive).

In this report, whilst no risks to a specific FOWT are provided, a list of hazards that can affect design
is provided in Table 4. It should be noted that the list is not exhaustive and the applicability of each
hazard is design dependant.

The hazards provided below mainly cover the areas of FOWT physical scaled testing and numerical
simulations. However, other areas such as lack of experience and equipment requalification are also

highlighted.
\[e} Hazard

1 Reduced blade clearance due to a FOWT motions and blade deflection combination (both water and
tower clearance)
Reduced substructure design envelope compared to bottom-fixed and onshore wind turbine founda-

2 tions due to additional constraints from the mooring system, dynamic cable(s) and additional mo-
tions.

3 Possible negative damping / instability

Equipment physical compatibility with the environment (e.g. use of the personnel lift designed for
4 bottom-fixed wind turbines in the wind turbine tower of a FOWT that is exposed to motions in 6
degrees-of-freedom, heel angles and system accelerations)

5 No or low level of experience / no track record in designing FOWTs
6 Lack of information sharing between wind turbine manufacturers and substructure developers
7 Lack of typology and component specific standards for FOWTs (e.g. for dynamic cables)

Possible modified control and safety system (e.g. control modifications to Hywind and Principle
Power prototypes that led to invalidation of the wind turbine warranties)

Possible requalification of tower (e.g. use of a bespoke tower designs that will be exposed to mean
heel angles, but also larger bending moments at the tower base as the FOWT “leans” into wind)
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Requalification of drive-train (e.g. different load profiles due to movements of FOWTs (mean and

10 dynamic heel angles, and nacelle accelerations))

11 Hydrodynamic damping measurement and upscaling errors from model tests

12 Complexity and time constraints associated with use of high-fidelity computational models

13 Increased uncertainties with respect to simulations in floating wind compared to bottom-fixed

14 Aerodynamic code breakdown due to large blade deflections (e.g. due to large rotor and/or FOWT
motions)

15 Aerodynamic code breakdown due to rotor operation in its own wake

16 Simplification of aerodynamics due to high computational demand (e.g. to be able to run hardware in
the loop in real-time, rotor design for physical tests)

17 Lack of tools to model wake effects in FOWT arrays

18 Increased relevance of induction lag calculation models (i.e. dynamic inflow)

19 Inaccurately predicted unsteady aerodynamic loads (change in phase and amplitude of loads)

20 Lack of full-scale measurements to verify simulations tools

21 Simplifications in basin tests (e.g. alignment of scaling laws (redesign of rotor), mooring scaling)

22 Unaccounted structural flexibility of the substructure

Table 4: Design hazards for FOWTs

The hazards provided above, in addition to all other hazards identified in LIFES50+, have intentional-
ly not been translated into multipliers for the LCOE, as these are design dependent and are highly sub-
jective when applied to hypothetical examples (e.g. the 10 MW wind turbine used in LIFES50+ is not
an optimized commercial wind turbine). However, some broad findings can be drawn from the hazard
list above and other work performed in LIFES50+. These are:

o Low-fidelity computational models and simplified physical testing will lead to sub-optimal
designs, which will reflect in higher whole-life costs;

e Lack of available information and information sharing with respect to the tower, rotor-nacelle
assembly, substructure, etc. between different parties can lead to increased project costs (e.g.
either via increased design time or via a sub-optimal design). For example, Hywind had to
change wind turbine pitch actuators after a few months of operations as these were designed
for bottom-fixed wind and less frequent use.

For those hazards dealing with computational models, it is clear that the use of less complex models
can lead to sub-optimal design choices that might result in a cost increase.

Moreover, those hazards dealing with the lack of information regarding the tower design, turbine and
substructure have a significant contribution in the LCOE. In fact, from the sensitivity analysis, it can
be noticed that costs related to the turbine and substructure manufacturing have a clear influence on
the final value of the LCOE.

LIFES50+ Deliverable, project 640741 42/63




\ LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

y,

y

\.

V

6 Conclusions

This report has provided information regarding how concept design and common parameters, as well
as risk, uncertainty and technology parameters choices taken at design phase can influence the LCOE
of floating offshores wind farms.

The second chapter has provided details on the cost contribution of the different life cycle stages for
each of the 4 concepts and considering a 500MW floating offshore wind located at three different
offshore sits. The results are based on the work done in WP2 of the LIFES50+ project. Findings
show that for the 4 design concepts, the manufacturing phase is the one that contributes the most to
the cost of the floating substructures. This phase includes the manufacturing and acquisitions costs of
all components of the floating offshore wind farm as well as storage cost and the load-out process. A
comparison between the three offshore sites has shown that there is a significant cost increase for
West of Barra, which is the offshore site with severe environmental conditions. A sensitivity analysis
has been performed in Chapter 3 to understand which parameters that have been introduced to
calculate the LCOE have a major influence and contribute most to the value. This study severed also
to identify the parameters and cost components that cause the cost and LCOE increase in West of
Barra. The findings show that the discount rate has by far the largest influence among all input pa-
rameters studied. A 50% increase or decrease of the mean value causes a variation of the LCOE by
around 30% or more in positive and negative direction for all study cases. Thus, a well-chosen
discount rate is from significant importance for the LCOE calculation. The second largest influence
on the LCOE has the wind turbine cost, which is a common parameter and its influence is similar for
all concepts and sites. The substructure cost, which is a concept design dependent parameter, has the
third highest influence on the LCOE. It has been observed that the influence of this parameter
between the sites decreased. For example for West of Barra, the export cable length becomes the
second most influent parameter. This is due to longer distance to shore at the site and increases the
export cable cost and transmission losses. The severe environmental conditions at this site cause also
the anchor and mooring system cost to be more significant at this site for some of the FOWT
concepts as well as to increase the installation cost, because a more specialized vessel spread is need-
ed to operate within reduced weather windows. Furthermore, it has been seen that West of Barra is
more sensitive to the operation and maintenance cost than the other two offshore sites. In general for
all sites it has been seen that Energy related parameters such as the net production, availability loss
and turbine electrical losses possess also a larger impact on the LCOE. Therefore, energy losses in
the system in general should be tried to be minimized.

Chapter 4 is complementary to the sensitivity analysis as it presents the results of specific scenarios
due to the variation of the LCOE by applying variation ranges based on uncertainty ranges defined by
the designers and for the common components. The ranges are applied on the parameters that most
influence the LCOE and that were obtained in Chapter 3. This analysis has served to identify how
much the LCOE could actually vary based on the defined uncertainty ranges. For the three sites, the
results show that the discount rate has the largest influence on the LCOE value for all 4 floating wind
turbine concepts. Focusing on the energy production, an increase of this parameter by 5% will
directly lead to a LCOE reduction of about 4.5-4.7%. Similar to the energy production, the availabil-
ity loss has also a significant influence on the LCOE. Since the substructure cost represents a larger
part of the CAPEX it has also a significant influence on the LCOE. For instance, for the floating
wind farm based on the semi-submersible concrete concept a 20% cost reduction in the substructures
can result into a 5% decrease of the LCOE value.

LIFES50+ Deliverable, project 640741 43/63



|

\ LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

y,

y

\

~/
Furthermore, it can be see seen that based on the defined variation ranges for the cost of anchor and
mooring and installation vessel, a variation of the LCOE is not very significant (below 1%) for all
floating wind farm concepts in Gulf de Fos and Golf of Main offshore site. A further significant
parameter among the different concepts is the turbine costs that allows a decrease of the LCOE in the

range of 2% to 3% by a reduction of the cost by over 7%. A similar effect has the increase of the
lifetime by 3 years.

For the West of Barra site, due to the larger distance to shore in this particular site the parameters that
are related to the distance have a larger influence on the LCOE than in the other two offshore sites.
For instance, by reducing the export cable length by 3.6% or the export cable cost by 17% a
reduction of the LCOE of more than 2% can be reached for the floating wind farm based on the
semi-submersible steel concept. The operation and maintenance activities and repair cost show also a
larger influence for this offshore site with a cost reduction potential of up to 1.1%, whereas in the
previous sites the influence was below 1%. Besides that, the operation cost shows a larger influence
at this offshore site based on the transmission charges, which are considered in West of Barra.
A decrease of the operation cost by 20% can result, for example for the floating wind farm based on
the barge concrete concept, in a reduction of the LCOE of more than 1.3%.

It can be concluded that the parameters that most influence the LCOE are related to the capital
expenses, which is also demonstrated in the LCC contribution of manufacturing phase in Chapter 2.
This includes the cost of the substructure, turbine and offshore substation due to their capital
intensive investment. Further has been demonstrated that the environmental conditions have a
significant impact on the cost. Severe conditions require the design of a more robust structure but in
particular influence the choice of anchor and mooring system as well as the need for a more
specialized installation spread, which impacts the costs. Besides costs, energy losses in the system are
also very significant for the LCOE and should tried to be minimized. Last but not least, operation and
maintenance cost have also been identified as important parameters to consider especially for West of
Barra, where a larger distance to shore is present combined with severe met-ocean conditions.

Finally, Chapter 5 has focused on disclosing risk consideration during design that can also lead to
LCOE reduction. For example, a structured, detailed and well-recorded risk management can
increase the confidence of insurers and financers leading to reduced insurance and cost of financing.
Similarly, it can also reduce the contingency. In this report, whilst no risks to a specific FOWT are
provided, a list of hazards that can affect design is provided. It should be noted that the list is not
exhaustive and the applicability of each hazard is design dependent.
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Appendix 1: List of parameters included in the sensitivity analysis

Designer Parameters

Mo. Parameter name Life cycle Description Unit

1 |Lease_rate_shipyard Manufacturing Area lease rate shipyard £/m2/d
2 |Substructure_comp_cost Manufacturing Cost of substructure components £

3 |Mooring_comp_cost Manufacturing Cost of mooring components £

4 |Anchor_comp_cost Manufacturing Cost of anchor components £

5 |IAC cost Manufacturing Cost of inter-array cable £/m

6 |IAC_length Manufacturing Length of inter-array cable m

7 |Load_out vessel Dayrate Manufacturing Load-out Dayrate of vessel €/d

8 |Load out vessel guantity Manufacturing Load-out Quantity of vessel Number
9 |Load_out_vessel_fuel_consumption Manufacturing Load-out Fuel consumption of vessel I/kw
10 |Load_out_vessel_mob_demob Manufacturing Load-out Mobilization/demobilization of vessel £

11 |Load out machinery Dayrate Manufacturing Load-out Dayrate of machinery £/d
12 |Load_out_machinery_guantity Manufacturing Load-out Quantity of machinery Number
13 |Load_out_machinery purchase_price Manufacturing Load-out Purchase price of machinery £

14 |Load _out machinery fuel consumption Manufacturing Load-out Fuel consumption of machinery I/ kw
15 |Load_out_crane_dayrate Manufacturing Load-out Dayrate of crane £/d
16 |Load_out_crane_guantity Manufacturing Load-out Quantity of crane Number
17 |Load out crane purchase_price Manufacturing Load-out Purchase price of crane £

18 |Load_out_crane_fuel_consump Manufacturing Load-out Fuel consumption of crane 1/ kW
19 |Load_out_vessel_Power Manufacturing Load-out Power of vessel kw
20 |Load_out_vessel time_oper Manufacturing Load-out Operating time of vessel Number
21 |Load out machinery power Manufacturing Load-out Power of machinery £

22 |Load_out_machinery_time_oper Manufacturing Load-out Operating time of machinery h

23 |Load_out_crane_power Manufacturing Load-out Power of crane kw
24 |Load out crane time oper Manufacturing Load-out Operating time of crane h

25 |transport_vessel_Dayrate Transport Dayrate of vessel £/d
26 |transport_vessel_mob_demob Transport Mobilization/demobilization of vessel £

27 |transport_vessel fuel consumption Transport Fuel consumption of vessel I/kw
28 |transport_crane_Dayrate Transport Dayrate of crane £/d
29 |transport_crane_purchase Transport Purchase price of crane £

30 |transport_crane fuel consumption Transport Fuel consumption of crane I/ kw
31 |transport_vessel_rental_time_substructure |Transport Rental time vessel d

32 |transport_vessel_guantity_substructure Transport Quantity of vessel Number
33 |transport_crane rental_time_substructure |Transport Rental time crane d

34 |transport_crane_guantity_substructure Transport Quantity of crane Number
35 |transport_vessel_rental_time_am Transport Rental time vessel d

36 |transport_vessel_guantity_am Transport Quantity of vessel Number
37 |transport_crane_rental_time_am Transport Rental time crane d

38 |transport_crane_guantity_am Transport Quantity of crane Number
39 |transport_vessel_rental_time IAC Transport Rental time vessel d

A0 |transport_vessel_quantity IAC Transport Quantity of vessel Number
41 |transport_crane_rental_time_IAC Transport Rental time crane d

42 |transport_crane_guantity IAC Transport Quantity of crane Number
43 |transport_vessel_power Transport Power of vessel kW
44 |transport_crane_power Transport Power of crane kW
45 |transport_vessel_time_oper_substructure  |Transport Operating time of vessel for substructure h

46 |transport_vessel_time _oper_am Transport Operating time vessel for anchor and mooring h

47 |transport_crane_time_oper_am Transport Operating time crane for anchor and mooring h

48 |transport_crane_time_oper_substructure Transport Operating time of crane for substructure h

49 |transport_vessel_time oper IAC Transport Operating time of vessel for IAC h

50 |transport_crane_time_oper_|IAC Transport Operating time of crane for IAC h

51 |transport_area_cost_substructure Transport Area rental cost for floating substructure £/m2/d
52 |transport_area_substructure Transport Area required for floating substructure m2
53 |transport_area_time_substructure Transport Area rental time for floating substructure d

54 |transport_area_cost_am Transport Area rental cost for anchor and mooring £/m2/d
55 |transport_area_time_am Transport Area rental time for anchor and mooring d

56 |transport_area_am Transport Area required for anchor and mooring m2
57 |transport_area_cost_iac Transport Area rental cost for IAC £/m2/d
58 |transport_area_time_iac Transport Area rental time for IAC d

59 |transport_area_iac Transport Area required for IAC m2
60 |Installation_vessel_Dayrate Installation Dayrate of vessel £/d
61 |Installation_vessel_mob_demob Installation Mobilization/demobilization of vessel £

62 |Installation_vessel fuel consumption Installation Fuel consumption of vessel I/ kw
63 |Installation_crane_dayrate Installation Dayrate of crane £/d
64 |Installation_crane_purchase_price Installation Purchase price of crane £

65 |Installation_crane_fuel consumption Installation Fuel consumption of crane I/ kw
66 |Installation_vessel_rental_time_fs Installation Rental time vessel for floating substructure d

67 |Installation_vessel_guantity_fs Installation Quantity of vessel for floating substructure Number
68 |Installation_crane_quantity_fs Installation Quantity of crane for floating substructure Number
69 |Installation_crane_rental_time_fs Installation Rental time crane for floating substructure d

70 |Installation_vessel_rental_time_am Installation Rental time vessel for anchor and mooring d
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71 |Installation_vessel_quantity_am Installation Quantity of vessel for anchor and mooring Number
72 |Installation_crane_guantity_am Installation Quantity of crane for anchor and mooring Number
73 |Installation_crane_rental_time_am Installation Rental time of crane for anchor and mooring d

74 |Installation_vessel_rental_time_iac Installation Rental time of vessel for IAC d

75 |Installation_vessel quantity iac Installation Quantity of vessel for IAC Number
76 |Installation_crane_quantity_iac Installation Quantity of crane for IAC Number
77 |Installation_crane_rental_time_iac Installation Rental time of crane for IAC d

78 |Installation_vessel power Installation Power of vessel kw
79 |Installation_crane_power Installation Power of crane kW
80 |Installation_vessel_time_oper_fs Installation Operating time of vessel for substructure h

81 |Installation_crane_time_oper_fs Installation Operating time crane for substructure h

82 |Installation_vessel time_oper am Installation Operating time vessel for anchor and mooring h

83 |Installation_crane_time_oper_am Installation Operating time crane for anchor and mooring h

84 |Installation_vessel_time_oper_iac Installation Operating time of vessel for 1AC h

85 |Installation_crane_time_oper iac Installation Operating time of crane for IAC h

86 |Installation_diver_cost_fs Installation Cost of diver floating substructure £/d
87 |Installation_diver_time_fs Installation Time required diver floating substructure d

88 |Installation_amount_time_fs Installation Amount of divers floating substructure Number
89 |Installation_diver_cost_am Installation Cost of diver anchor & moaring £/d
90 |Installation_diver_time_am Installation Time required diver anchor & mooring d

91 |Installation_diver_amount_am Installation Amount of divers anchor & moaring Number
92 |Installation_diver cost iac Installation Cost of diver inter-array cables £/d
93 |Installation_diver_time_iac Installation Time required diver inter-array cables d

94 |Installation_diver_amount_iac Installation Amount of divers inter-array cables Number
95 |OM_vessel Dayrate Operation & Maintenance Dayrate of vessel £/d
96 |OM_vessel_mob_demob Operation & Maintenance Mobilization/demobilization of vessel £

97 |OM_vessel_fuel_consumption Operation & Maintenance Fuel consumption of vessel I/kw
98 |OM_crane_dayrate Operation & Maintenance Dayrate of crane €/d
99 |OM_crane_purchase_price Operation & Maintenance Purchase price of crane £
100 |OM_crane_fuel_consumption Operation & Maintenance Fuel consumption of crane I/ kw
101 |OM_diver_cost Operation & Maintenance Cost of diver floating substructure €/d
102 |OM_preventive vessel rental_time Operation & Maintenance Vessel rental time preventive maintenance d
103 |OM_preventive_comp_repair_cost Operation & Maintenance Component repair cost preventive maintenance £
104 |OM_preventive_activities Operation & Maintenance Activities per year preventive maintenance Number/year|
105 |OM_preventive_guantity vessel Operation & Maintenance Quantity vessel preventive maintenance Number
106 |OM_preventive_rental_time_aux Operation & Maintenance Rental time auxiliary means preventive maintenance d
107 |OM_preventive_guantity_aux Operation & Maintenance Quantity auxiliary preventive maintenance Number
108 |OM_corrective_vessel_rental_time Operation & Maintenance Vessel rental time corrective maintenance d
109 |OM_corrective_vessel guantity Operation & Maintenance Quantity vessel corrective maintenance Number
110 |OM_corrective_aux_guantity Operation & Maintenance Quantity auxiliary corrective maintenance Number
111 |OM_corrective_comp_repair_cost Operation & Maintenance Component repair cost corrective maintenance £
112 |OM_corrective failure_rate Operation & Maintenance Failure rate corrective maintenance Failure/year
113 |OM_corrective_aux_rental_time Operation & Maintenance Rental time auxiliary means corrective maintenance d
114 |OM_vessel_power Operation & Maintenance Vessels power kw
115 |OM_crane_power Operation & Maintenance Crane&Auxiliaries power kw
116 |OM_preventive_time_oper_vessel Operation & Maintenance Time operating vessel preventive maintenance h
117 |OM_preventive_time_oper_aux Operation & Maintenance Time operating auxiliary means preventive maintenance h
118 |OM_corrective_vessel_operating_time Operation & Maintenance Time operating vessel corrective maintenance h
119 |OM_corrective_aux_oper_time Operation & Maintenance Time operating auxiliary means corrective maintenance h
120 |OM_preventive_amount_diver Operation & Maintenance Amount of divers preventive maintenance Number
121 |OM_preventive_time_diver Operation & Maintenance Time required diver preventive maintenance d
122 |OM_corrective_diver_amount Operation & Maintenance Amount of divers corrective maintenance Number
123 |OM_corrective_diver_time Operation & Maintenance Time required diver corrective maintenance d
124 |Decom_vessel_dayrate Decommissioning Dayrate of vessel £/d
125 |Decom_vessel_mob_demob Decommissioning Mobilization/demobilization of vessel £
126 |Decom_vessel fuel consumption Decommissioning Fuel consumption of vessel 1/ kW
127 |Decom_aux_dayrate Decommissioning Dayrate of aux means £/d
128 |Decom_aux_purchase_price Decommissioning Purchase price of aux means £
129 |Decom_aux_fuel consumption Decommissioning Fuel consumption of aux means I/kw
130 |Decom_vessel_rental_time_fs Decommissioning Rental time vessel for floating substructure d
131 |Decom_vessel_guantity_fs Decommissioning Quantity of vessel for floating substructure Number
132 |Decom_aux_rental_time fs Decommissioning Rental time aux means for floating substructure d
133 |Decom_aux_guantity_fs Decommissioning Quantity time aux means for floating substructure Number
134 |Decom_vessel_rental_time_am Decommissioning Rental time vessel for anchor and mooring d
135 |Decom_vessel_quantity_am Decommissioning Quantity of vessel for anchor and mooring Number
136 |Decom_aux_rental_time_am Decommissioning Rental time of aux means for anchor and mooring d
137 |Decom_aux_gquantity_am Decommissioning Quantity of aux means for anchor and mooring Number
138 |Decom_vessel_rental_time_iac Decommissioning Rental time of vessel for 1AC d
139 |Decom_vessel _guantity_iac Decommissioning Quantity of vessel for IAC Number
140 |Decom_aux_rental_time_iac Decommissioning Rental time of aux means for IAC d
141 |Decom_aux_guantity_iac Decommissioning Quantity of aux means for IAC Number
142 |Decom_storage_cost Decommissioning Storage area rental cost €/m2/d
143 |Decom_vessel_rental_time_port_activities |Decommissioning Vessel rental time port activities d
144 |Decom_vessel_quantity_port_activities Decommissioning Vessel quantity port activities Number
145 |Decom_aux_rental_time_port_activities Decommissioning Aux means rental time port activities d
146 |Decom_aux_guantity_port_activities Decommissioning Aux means guantity port activities Number
147 |Decom_vessel_power Decommissioning Power of vessel kW
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148 |Decom_aux_power Decommissioning Power of crane kw
149 |Decom_vessel_time_oper_fs Decommissioning Operating time of vessel for substructure h
150 |Decom_aux_oper_time_fs Decommissioning Operating time _crane for substructure h
151 |Decom_vessel oper time_am Decommissioning Operating time vessel for anchor and mooring h
152 |Decom_aux_oper_time_am Decommissioning Operating time crane for anchor and mooring h
153 |Decom_vessel_oper_time_iac Decommissioning Operating time of vessel for 1AC h
154 |Decom_aux_oper_time_iac Decommissioning Operating time of crane for IAC h
155 |Decom_diver_cost_fs Decommissioning Cost of diver floating substructure £/d
156 |Decom_diver_time_fs Decommissioning Time required diver floating substructure d
157 |Decom_diver_amount_fs Decommissioning Amount of divers floating substructure Number
158 |Decom_diver_cost am Decommissioning Cost of diver anchor & moaring £/d
159 |Decom_diver_time_am Decommissioning Time required diver anchor & mooring d
160 |Decom_diver_amount_am Decommissioning Amount of divers anchor & moaring Number
161 |Decom_diver cost lac Decommissioning Cost of diver inter-array cables £/d
162 |Decom_diver_time_iac Decommissioning Time required diver inter-array cables d
163 |Decom_diver_amount_iac Decommissioning Amount of divers inter-array cables Number
164 |Decom_storage_area Decommissioning Storage area m2
165 |Decom_storage_rental_time Decommissioning Storage area rental time d
166 |Decom_vessel_time_oper_port_activities Decommissioning Time operating vessel in port h
167 |Decom_aux_oper_time_port_activities Decommissioning Time operating aux means in port h
168 |EOLM_processing_cost_fs Decommissioning End of Life Management |Processing cost floating substructure £/t
169 |EOLM_selling_price_fs Decommissioning End of Life Management [Selling price floating substructure £/t
170 |EOLM_disposal_cost_fs Decommissioning End of Life Management [Disposal cost floating substructure £/t
171 |EOLM_processing_cost_mooring Decommissioning End of Life Management |Processing cost mooring £/t
172 |EOLM_selling_price_mooring Decommissioning End of Life Management |Selling price mooring £/t
173 |EOLM_disposal_cost_mooring Decommissioning End of Life Management [Disposal cost mooring £/t
174 |EOLM_processing cost anchor Decommissioning End of Life Management |Processing cost anchor £/t
175 |EOLM_selling_price_anchor Decommissioning End of Life Management |[Selling price anchor £/t
176 |EOLM_disposal_cost_anchor Decommissioning End of Life Management [Disposal cost anchor £/t
177 |EOLM_processing_cost iac Decommissioning End of Life Management |Processing cost inter-array cables £/t
178 |EOLM_selling_price_iac Decommissioning End of Life Management [Selling price inter-array cables £/t
179 |EOLM_disposal_cost_iac Decommissioning End of Life Management [Disposal cost inter-array cables £/t
180 |EOLM_distance Decommissioning End of Life Management |Distance point of sale and disposal place km
181 |EOLM_dayrate_vehicle_transport Decommissioning End of Life Management |Dayrate vehicle transportation to point of sale £/d
182 |EOLM_guantity_vehicle_transport Decommissioning End of Life Management |Quantity vehicle transportation to point of sale Number
183 |EOLM_fuel_cons_vehicle_transport Decommissioning End of Life Management |Fuel consumption vehicle transportation to point of sale I/kwh
184 |EOLM_dayrate_crane_transport Decommissioning End of Life Management |Dayrate crane transportation to point of sale £/d
185 |EOLM_guantity_crane_transport Decommissioning End of Life Management |Quantity crane transportation to point of sale Number
186 |EOLM_fuel_cons_crane_transport Decommissioning End of Life Management [Fuel consumption crane transportation to point of sale 1/kWh
187 |EOLM_power_vehicle_transport Decommissioning End of Life Management |Power vehicle transportation to point of sale kW
188 |EOLM_power_crane_transport Decommissioning End of Life Management [Power crame transportation to point of sale kw
189 |EOLM_rent_time_vehicle_transport Decommissioning End of Life Management [Rental time vehicle transportation to point of sale d
190 |EOLM _rental_time_crane_transport Decommissioning End of Life Management |Rental time crane transportation to point of sale d
191 |EOLM_time_oper_vehicle_transport Decommissioning End of Life Management [Operating time vehicle transportation to point of sale h
192 |EOLM_time_oper_crane_transport Decommissioning End of Life Management [Operating time crane transportation to point of sale h
Common Parameters
No. Parameter name Life cycle Description Unit
1 |Disc_Rate Life cycle cost Discount rate (WACC) %
2 |Energy Turbine_loss Energy Electrical energy loss in turbine %
3 |Energy 0SS_loss Energy Offshore substation energy loss %
4 |Availability_loss Energy Availability loss %
5 |Energy_production Energy Net energy production MWh
6 |Lifetime Energy and Life Cycle Cost Operating lifetime Years
7 |Fuel _cost All life cyles Fuel price /1
8 |Develop_cost Development Development cost in percentage of CAPEX %
9 |Manufacturing_Export_cable_cost Manufacturing Export cable cost per length €/m
10 |Manufacturing_Export_cable_length Manufacturing Export cable length km
11 |Manufacturing_0SS_cost Manufacturing Offshore substation cost £
12 |Manufacturing Onshore_substation_cost Manufacturing Onshore substation cost £
13 |Manufacturing turbine_cost Manufacturing Turbine cost £/MW
14 |Install_vessel_dayrate_common Installation Dayrate of installation vessel £/d
15 |Install_vessel_mobdemob_common Installation Mobilization/demobilization of vessel £
16 |Install_vessel_power_common Installation Power of vessel kW
17 |Install_vessel_consumption_common Installation Fuel consumption of vessel I/kwW
18 |Install_crane_dayrate_common Installation Dayrate of crane €/d
19 |Install_crane_purchase_common Installation Mobilization/demobilization of crane £
20 |Install_crane_power_common Installation Power of crane kw
21 |Install_crane_consumption_common Installation Fuel consumption of crane 1/kW
22 |Install_vessel_rent_time_exp_cable Installation Rental time vessel for export cable d
23 |Install_vessel_guantity_exp_cable Installation Quantity of vessel for export cable Number
24 |Install_vessel_time_operat_exp_cable Installation Operating time vessel for export cable h
25 |Install_crane_guantity_exp_cable Installation Quantity of crane for export cable MNumber
26 |Install_crane_rental_time_exp_cable Installation Rental time crane for export cable d
27 |Install_crane_time_oper_exp_cable Installation Operating time crane for export cable h
28 |Install_diver_time_exp_cable Installation Diver time required for export cable d
29 |Install_diver_cost_exp_cable Installation Diver cost for export cable £/d

LIFES50+ Deliverable, project 640741

48/63



\ LIFES50+

—

D7.6: Framework for LCOE, uncertainty and risk considerations during design

30 |Install_diver_amount_exp_cable Installation Amount of divers for for export cable Number
31 |Install_vessel_rent_time_oss Installation Rental time vessel for offshore substation d

32 |Install_vessel_time_oper_oss Installation Operating time of vessel for offshore substation h

33 |Install_vessel_guantitiy_oss Installation Quantity of vessel for offshore substation Number
34 |Install_crane_guantitiy_oss Installation Quantity of crane for offshore substation Number
35 |Install_crane_rental_time_oss Installation Rental time crane for offshore substation d

36 |Install_crane_time_oper_oss Installation Operating time crane for offshore substation h

37 |Install_divers_time_oss Installation Diver time reguired for offshore substation d

38 |Install_divers_cost_oss Installation Diver cost for offshore substation £/d
39 |Install_divers_amount_oss Installation Amount of divers for offshore substation Number
40 [Install_crane_rental_time_cnsub Installation Rental time crane for onshore substation d

41 [Install_crane_time_oper_onsub Installation Operating time of crane for onshore substation h

42 |Install_crane_guantity_onsub Installation Quantity of crane for onshore substation Number
43 [Install_prep_cement_onsub Installation Preparation and cementation work for onshore substation £

44 |Install_commissioning Installation Commissioning £

45 |Install_insurance Installation Insurance £

46 |Operation_cost Operation & Maintenance Operating cost £fyear
47 |OM_vessel_dayrate_comman Operation & Maintenance Dayrate of vessel £/d
48 |OM_vessel_mobdemob_common Operation & Maintenance Mobilization/demobilization of vessel £

43 [OM_vessel_power_common Operation & Maintenance Power of vessel kw
50 [OM_vessel_fuel_consump_common Operation & Maintenance Fuel consumption of vessel 1/kw
51 |OM_crane_dayrate_common Operation & Maintenance Dayrate of crane £/d
52 |OM_crane_purchase_price_comman Operation & Maintenance Purchase price of crane £

53 |OM_crane_power_comman Operation & Maintenance Power of crane kw
54 |OM_crane_consumption_comman Operation & Maintenance Fuel consumption of crane 1/kw
55 |OM_cost_diver_common Operation & Maintenance Cost of diver £/d
56 |OM_time_diver_prevent_maint_common Operation & Maintenance Time reguired diver preventive maintenance d

57 |OM_amount_diver_prevent_maint_common Operation & Maintenance Amount of diver preventive maintenance Number
58 |OM_amount_diver_correct_maint_common Operation & Maintenance Amount of diver corrective maintenance Number
59 [OM_time_diver_correct_maint_common Operation & Maintenance Time reguired of diver corrective maintenance d

60 |OM_vessel_rental_time_prevent_maint_comman Operation & Maintenance Vessel rental time preventive maintenance d

61 |OM_vessel_comp_repair_prevent_maint_common  |Operation & Maintenance Component repair cost preventive maintenance h

62 |OM_vessel_activities_prevent_maint_comman Operation & Maintenance Activities per year preventive maintenance £

63 |OM_vessel_guantity_prevent_maint_common Operation & Maintenance Quantity vessel preventive maintenance Number/year|
64 |OM_vessel_time_oper_prevent_maint_comman Operation & Maintenance Time operating vessel preventive maintenance h

65 |OM_aux_rent_time_prevent_maint_common Operation & Maintenance Rental time auxiliary means preventive maintenance d

66 |OM_aux_time_oper_prevent_maint_comman Operation & Maintenance Time operating aux means preventive maintenance h

67 |OM_aux_guantity prevent maint common Operation & Maintenance Quantity auxiliary preventive maintenance Number
68 |OM_vessel rental_time_corrective_maint_common |Operation & Maintenance Vessel rental time corrective maintenance d

69 |OM_vessel time_oper_corrective_maint_common Operation & Maintenance Time operating vessel corrective maintenance h

70 |OM_com_repair_corrective_maint_common Operation & Maintenance Component repair cost corrective maintenance £

71 |OM_failure_rate_corrective_maint_common Operation & Maintenance Failure rate corrective maintenance Failure/year
72 |OM_vessel _quantity_corrective_maint_common Operation & Maintenance Quantity vessel corrective maintenance Number
73 |OM_aux_rental_time_corrective_maint_common Operation & Maintenance Rental time aux means corrective maintenance d

74 |OM_aux_time_oper_corrective_maint_common Operation & Maintenance Time operating aux means corrective maintenance h

75 |OM_aux_guantity corrective_maint_common Operation & Maintenance Quantity auxiliary corrective maintenance Number
76 |Decomm_vessel_dayrate_common Decommissioning Dayrate of vessel £/d
77 |Decomm_vessel_mobdemob_common Decommissioning Mobilization/demobilization of vessel €

78 |Decomm_vessel_power common Decommissioning Power of vessel kw
79 |Decomm_vessel consumption_common Decommissioning Fuel consumption of vessel 1/kw
80 |Decomm_crane_dayrate_commaon Decommissioning Dayrate of aux means £/d
81 |Decomm_crane_purchase_price_common Decommissioning Purchase price of aux means €

82 |Decomm_crane_power_commaon Decommissioning Power of crane kw
83 |Decomm_crane_consumption_comman Decommissioning Fuel consumption of crane 1/kw
84 |Decomm_vessel_rental_time_expcabel Decommissioning Rental time vessel for export cable d

85 |Decomm_vessel_time_oper_expcabel Decommissioning Time operating vessel for export cable h

86 |Decomm_vessel_guantity expcabel Decommissioning Quantity of vessel for export cable Number
87 |Decomm_aux_quantity_expcabel Decommissioning Quantity of aux means for export cable Number
88 |Decomm_aux_time_oper_expcabel Decommissioning Time operating aux means for export cable h

89 |Decomm_aux_rental_time_expcabel Decommissioning Rental time aux means for export cable d

90 |Decomm_diver time_expcabel Decommissioning Time required diver export cable d

91 |Decomm_diver_amount_expcabel Decommissioning Amount of divers export cable Number
92 |Decomm_diver _cost_expcabel Decommissioning Cost of diver export cable £/d
93 |Decomm_vessel_rental_time_oss Decommissioning Rental time vessel for offshore substation d

94 |Decomm_vessel_guantity oss Decommissioning Quantity of vessel for offshore substation Number
95 |Decomm_vessel_time_oper_oss Decommissioning Time operating vessel for offshore substation h

96 |Decomm_aux_guantity_oss Decommissioning Quantity of aux means for offshore substation Number
97 |Decomm_aux_time_oper_oss Decommissioning Time operating aux means for offshore substation h

98 |Decomm_aux_rental_time_oss Decommissioning Rental time aux means for offshore substation d

99 |Decomm_diver_amount_oss Decommissioning Amount of divers offshore substation Number
100 |Decomm_diver_time_oss Decommissioning Time required diver offshore substation d
101 |Decomm_diver_cost_oss Decommissioning Cost of diver offshore substation £/d
102 |Decomm_aux_guantity_onsubst Decommissioning Quantity of aux means for onshore substation Number
103 |Decomm_aux_time_oper_onsubst Decommissioning Time operating aux means for onshore substation h
104 |Decomm_aux_rental_time_onsubst Decommissioning Rental time aux means for onshore substation d
105 |Decomm_storage_area_common Decommissioning Storage area m2
106 |Decomm_storage_area_rental_common Decommissioning Storage area cost €/m2/d
107 |Decomm_storage_area_rental_time_common Decommissioning Storage area rental time d
108 |Decomm_vessel_rental_time_port_common Decommissioning Vessel rental time port activities d
109 |Decomm_vessel_time_oper_port_common Decommissioning Time operating vessel port activities h
110 |Decomm_vessel_quantity_port_common Decommissioning Vessel quantity port activities Number
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111 |Decomm_sux_quantity_port_common Decommissioning Aux means guantity port activities Number
112 |Decomm_sux_time_oper_port_common Decommissioning Aux means time operating port activities h
113 |Decomm_sux_rental_time_port_common Decommissioning Aux means rental time port activities d
114 |EQLM_process_cost_comman Decommissioning Processing cost £/t
115 |EQLM_process_guantity_common End of Life Management Processing quantity t
116 |EOLM_selling_price_common End of Life Management Selling price €/t
117 |EOLM_selling_guantity_common End of Life Management Selling quantity t
118 |EOLM_disposal_cost_common End of Life Management Disposal cost £/t
119 |EOLM_disposal_guantity_common End of Life Management Disposal quantity t
120 |[EOLM_distance_saledisposal_common End of Life Management Distance point of sale and disposal place km
121 |[EOLM_vehicle_dayrate_common End of Life Management Dayrate vehicle transportation to point of sale £/d
122 |EOLM_vehicle_guantity common End of Life Management Quantity vehicle transportation to point of sale Number
123 |[EOLM_vehicle_rental_time_commaon End of Life Management Rental time vehicle transportation to point of sale d
124 |[EOLM_vehicle_time_oper_common End of Life Management Operating time vehicle transportation to point of sale h
125 |[EOLM_vehicle_consumption_common End of Life Management Fuel consumption vehicle 1/kw
126 |EOLM_vehicle_power _common End of Life Management Power vehicle kw
127 |EOLM_aux_dayrate_common End of Life Management Dayrate aux means transportation to point of sale £/d
128 |EOLM_aux_time_oper_comman End of Life Management Operating time aux means transportation to point of sale h
129 |[EOLM_aux_rental_time_common End of Life Management Rental time aux means transportation to point of sale d
130 [EQLM_aux_guantity_common End of Life Management Quantity aux means transportation to point of sale Number
131 |[EOLM_aux_consumption_common End of Life Management Fuel consumption aux means I/kwW
132 |EOLM_aux_power_common End of Life Management Power aux means kw
133 [Decomm_Site_clearance End of Life Management Site clearance cost £/m2

Appendix 2: Parameters excluded from the sensitivity analysis

Parameter

Exchange rate

Material cost

Material weight

Transport distance
Transmission fee

License fee

Weather windows/availability

Life Cycle Unit
All -
Manufacturing £/t
Manufacturing t
Transportation km
Operation & Maintenance €
Operation & Maintenance €

Transport/Installat./O&M/Decomm.

LIFES50+ Deliverable, project 640741

Comment

Not possible to include due to how the costs are computed in the tool
Manufacturing cost are calculated based on the component cost not on the material
Manufacturing cost are calculated based on the component cost not on the material
The tool considers vessel rental times and does not calculate based on the distance
Isincluded in annual operating cost

Mo cost available

Mo data available
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Appendix 3: Results of analysis of most influencing parameters

Appendix 3.1: Semi-submersible Concrete, Golfe de Fos

[ Parameter variation (%) |

‘ No ‘ parameter i
| LCOE variation (%) |
1 Discount rate -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-13.51 -12.64 -11.75 -10.87 -9.98 -9.09 -8.20 -5.49 -4.58 -3.67 -2.76 -1.84 -0.92 0.00 0.93 1.85 2.79 3.72 4.66 5.60 6.54 7.48 8.43 9.38 10.33 11.29 12.24 13.20 14.16
2 Availability loss -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -30.00 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00 33.33 36.67 40.00 43.33 46.67 50.00
-2.56 -2.40 -2.23 -2.06 -1.89 -172 -1.55 -1.04 -0.87 -0.70 -0.52 -0.35 -0.18 0.00 0.18 0.35 0.53 0.71 0.88 1.06 124 1.42 1.60 179 197 2.15 2.33 2.52 2.70
3 Turbine cost -7.69 -7.18 -6.67 -6.15 -5.64 -5.13 -4.62 -3.08 -2.56 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 513 6.15 7.18 8.21 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-3.09 -2.88 -2.68 -2.47 -2.27 -2.06 -1.85 -1.24 -1.03 -0.82 -0.62 -0.41 -0.21 0.00 0.41 0.82 124 1.65 2.06 2.47 2.88 3.30 371 4.12 4.53 4.94 5.36 5.77 6.18
4 Substructure cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-4.97 -4.63 -4.30 -3.97 -3.64 -3.31 -2.98 -1.99 -1.66 -1.32 -0.99 -0.66 -0.33 0.00 0.33 0.66 0.99 132 1.66 1.99 2.32 2.65 2.98 3.31 3.64 3.97 4.30 4.63 4.97
5 Anchor cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 533 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.08 -0.07 -0.07 -0.06 -0.06 -0.05 -0.05 -0.03 -0.03 -0.02 -0.02 -0.01 -0.01 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05 0.05 0.06 0.06 0.07 0.07 0.08
6 Mooring cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.32 -0.30 -0.28 -0.26 -0.24 -0.22 -0.19 -0.13 -0.11 -0.09 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.09 0.11 0.13 0.15 0.17 0.19 0.22 0.24 0.26 0.28 0.30 0.32
7 Offshore substation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.50 -1.40 -1.30 -1.20 -110 -1.00 -0.90 -0.60 -0.50 -0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 110 1.20 1.30 1.40 1.50
R A&Mvessel rental time 1500 | -14.00 | -13.00 | -12.00 | -11.00 | -10.00 | -9.00 600 | -500 | -400 | -3.00 | -200 | -100 | 000 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 11.00 | 1200 | 13.00 | 1400 | 1500
-0.09 -0.08 -0.08 -0.07 -0.06 -0.06 -0.05 -0.03 -0.03 -0.02 -0.02 -0.01 -0.01 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.05 0.05 0.06 0.06 0.07 0.08 0.08 0.09
9 Installation vessel dayrate designer -30.00 -28.00 -26.00 -24.00 -22.00 -20.00 -18.00 -12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.64 -0.60 -0.56 -0.51 -0.47 -0.43 -0.39 -0.26 -0.21 -0.17 -0.13 -0.09 -0.04 0.00 0.03 0.06 0.09 0.11 0.14 0.17 0.20 0.23 0.26 0.29 0.31 0.34 0.37 0.40 0.43
10 Installation vessel export cable -35.00 -32.67 -30.33 -28.00 -25.67 -23.33 -21.00 -14.00 -11.67 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00
-0.26 -0.24 -0.22 -0.21 -0.19 -0.17 -0.15 -0.10 -0.09 -0.07 -0.05 -0.03 -0.02 0.00 0.03 0.06 0.09 0.11 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.34 037 0.40 0.43
1 Turbine el. loss -16.67 -15.56 -14.44 -13.33 -12.22 -11.11 -10.00 -6.67 -5.56 -4.44 -3.33 -2.22 -1.11 0.00 111 2.22 3.33 4.44 5.56 6.67 7.78 8.89 10.00 1111 12.22 13.33 14.44 15.56 16.67
-1.05 -0.98 -0.91 -0.84 -0.77 -0.70 -0.63 -0.42 -0.35 -0.28 -0.21 -0.14 -0.07 0.00 0.07 0.14 0.21 0.28 0.35 0.43 0.50 0.57 0.64 0.71 0.78 0.85 0.93 1.00 1.07
12 &M corrective failure rate common -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.46 -0.43 -0.39 -0.36 -0.33 -0.30 -0.27 -0.18 -0.15 -0.12 -0.09 -0.06 -0.03 0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 0.30 0.33 0.36 0.39 0.43 0.46
13 Development costs -5.00 -4.67 -4.33 -4.00 -3.67 -3.33 -3.00 -2.00 -1.67 -1.33 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 167 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
-0.24 -0.23 -0.21 -0.19 -0.18 -0.16 -0.14 -0.10 -0.08 -0.06 -0.05 -0.03 -0.02 0.00 0.02 0.03 0.05 0.06 0.08 0.10 0.11 0.13 0.14 0.16 0.18 0.19 0.21 0.23 0.24
14 Export cable length -9.59 -8.95 -8.31 -7.67 -7.03 -6.39 -5.75 -3.84 -3.20 -2.56 -1.92 -1.28 -0.64 0.00 0.52 1.05 157 2.10 2.62 3.15 3.67 4.20 4.72 5.25 5.77 6.30 6.82 7.35 7.87
-0.43 -0.40 -0.37 -0.34 -0.32 -0.29 -0.26 -0.17 -0.14 -0.12 -0.09 -0.06 -0.03 0.00 0.02 0.05 0.07 0.09 0.12 0.14 0.17 0.19 0.21 0.24 0.26 0.29 0.31 0.33 0.36
15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -11.33 -10.20 -6.80 -5.67 -4.53 -3.40 -2.27 -113 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-0.54 -0.50 -0.47 -0.43 -0.39 -0.36 -0.32 -0.22 -0.18 -0.14 -0.11 -0.07 -0.04 0.00 0.04 0.07 0.11 0.14 0.18 0.22 0.25 0.29 0.32 0.36 0.39 0.43 0.47 0.50 0.54
16 IAC cable length -31.12 -29.05 -26.97 -24.90 -22.82 -20.75 -18.67 -12.45 -10.37 -8.30 -6.22 -4.15 -2.07 0.00 0.98 1.96 2.95 3.93 4.91 5.89 6.87 7.86 8.84 9.82 10.80 11.78 12.77 13.75 14.73
-1.96 -1.83 -1.70 -1.57 -1.44 -1.30 -117 -0.78 -0.65 -0.52 -0.39 -0.26 -0.13 0.00 0.06 0.12 0.19 0.25 0.31 0.37 0.43 0.49 0.56 0.62 0.68 0.74 0.80 0.87 0.93
17 IAC cable cost -15.00 -14.00 -13.00 -12.00 -11.00 -10.00 -9.00 -6.00 -5.00 -4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
-0.72 -0.67 -0.62 -0.58 -0.53 -0.48 -0.43 -0.29 -0.24 -0.19 -0.14 -0.10 -0.05 0.00 0.05 0.10 0.14 0.19 0.24 0.29 0.34 0.38 0.43 0.48 0.53 0.58 0.62 0.67 0.72
18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.02 -0.95 -0.89 -0.82 -0.75 -0.68 -0.61 -0.41 -0.34 -0.27 -0.20 -0.14 -0.07 0.00 0.07 0.14 0.20 0.27 0.34 0.41 0.48 0.55 0.61 0.68 0.75 0.82 0.89 0.95 1.02
19 0&M preventive activities -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.47 -0.44 -0.41 -0.37 -0.34 -0.31 -0.28 -0.19 -0.16 -0.12 -0.09 -0.06 -0.03 0.00 0.03 0.06 0.09 0.12 0.16 0.19 0.22 0.25 0.28 0.31 0.34 0.37 0.41 0.44 0.47
2 0&M preventive repair cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.32 -0.30 -0.28 -0.26 -0.24 -0.22 -0.19 -0.13 -0.11 -0.09 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.09 0.11 0.13 0.15 0.17 0.19 0.22 0.24 0.26 0.28 0.30 0.32
21 Energy production -5.00 -4.67 -4.33 -4.00 -3.67 -3.33 -3.00 -2.00 -1.67 -1.33 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 167 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
5.25 4.88 4.52 4.16 3.80 3.44 3.08 2.04 1.69 135 1.01 0.67 0.33 0.00 -0.33 -0.66 -0.99 -1.31 -1.64 -1.96 -2.27 -2.59 -2.91 -3.22 -3.53 -3.84 -4.14 -4.45 -4.75
2 Life time -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -7.20 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
2.98 183 184 185 1.86 1.87 0.85 0.87 0.88 -0.03 -0.02 -0.01 -0.01 0.00 -0.81 -0.80 -0.80 -0.79 -0.78 -1.51 -1.50 -1.50 -1.49 -1.48 -2.13 -2.13 -2.12 -2.12 -2.70
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Appendix 3.2: Semi-submersible Concrete, Gulf of Maine

[ Parameter variation (%) |

| LCOE variation (%) |

1 Discount rate -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-13.32 -12.45 -11.58 -10.71 -9.84 -8.96 -8.08 -7.19 -6.30 -5.41 -4.52 -3.62 -2.72 -1.82 -0.91 0.00 0.91 183 2.74 3.67 4.59 5.51 6.44 7.37 8.31 9.24 10.18 11.12 12.07 13.01 13.96

2 Availability loss -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -30.00 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00 33.33 36.67 40.00 43.33 46.67 50.00
-3.09 -2.89 -2.69 -2.49 -2.29 -2.08 -1.88 -1.67 -1.47 -1.26 -1.05 -0.84 -0.63 -0.42 -0.21 0.00 0.21 0.43 0.64 0.86 1.08 129 151 173 195 2.17 2.40 2.62 2.84 3.07 3.30

3 Turbine cost -7.69 -7.18 -6.67 -6.15 -5.64 -5.13 -4.62 -4.10 -3.59 -3.08 -2.56 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 513 6.15 7.18 8.21 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-2.92 -2.72 -2.53 -2.33 -2.14 -1.94 -1.75 -1.55 -136 -117 -0.97 -0.78 -0.58 -0.39 -0.19 0.00 0.39 0.78 117 155 194 233 272 311 3.50 3.89 4.28 4.66 5.05 5.44 5.83

4 Substructure cost -20.00 -1867 | -17.33 | -16.00 | -14.67 -13.33 | -12.00 | -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 933 10.67. 12.00 1333 14.67 16.00 17.33 18.67 20.00
-4.58 -4.27 -3.97 -3.66 -3.36 -3.05 -2.75 -2.44 -2.14 -1.83 -1.53 -1.22 -0.92 -0.61 -0.31 0.00 031 0.61 0.92 122 153 183 214 2.44 275 3.05 336 3.66 3.97 4.27 4.58

5 Anchor cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -133 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 533 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.09 -0.08 -0.07 -0.07 -0.06 -0.06 -0.05 -0.05 -0.04 -0.03 -0.03 -0.02 -0.02 -0.01 -0.01 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.05 0.05 0.06 0.06 0.07 0.07 0.08 0.09

6 Mooring cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -133 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 533 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.40 -0.37 -0.34 -0.32 -0.29 -0.26 -0.24 -0.21 -0.19 -0.16 -0.13 -0.11 -0.08 -0.05 -0.03 0.00 0.03 0.05 0.08 0.11 0.13 0.16 0.19 0.21 0.24 0.26 0.29 0.32 0.34 0.37 0.40

7 Offshore substation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-1.52 -1.42 -132 -1.22 -1.11 -1.01 -0.91 -0.81 -0.71 -0.61 -0.51 -0.41 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.41 0.51 0.61 0.71 0.81 0.91 101 111 122 132 142 152

8 A&Mvessel rental time -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-0.10 -0.10 -0.09 -0.08 -0.08 -0.07 -0.06 -0.06 -0.05 -0.04 -0.03 -0.03 -0.02 -0.01 -0.01 0.00 0.01 0.01 0.02 0.03 0.03 0.04 0.05 0.06 0.06 0.07 0.08 0.08 0.09 0.10 0.10

9 Installation vessel dayrate designer -30.00 -28.00 -26.00 -24.00 -22.00 -20.00 -18.00 -16.00 -14.00 -12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-0.59 -0.55 -0.51 -0.47 -0.43 -0.40 -0.36 -0.32 -0.28 -0.24 -0.20 -0.16 -0.12 -0.08 -0.04 0.00 0.03 0.05 0.08 0.11 0.13 0.16 0.18 0.21 0.24 0.26 0.29 0.32 0.34 037 0.40

10 Installation vessel export cable -35.00 -32.67 -30.33 | -28.00 | -25.67 -23.33 -21.00 | -1867 | -16.33 -14.00 | -11.67 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00
-0.36 -0.34 -0.32 -0.29 -0.27 -0.24 -0.22 -0.19 -0.17 -0.15 -0.12 -0.10 -0.07 -0.05 -0.02 0.00 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60

1 Turbine el. loss -16.67 -15.56 -14.44 -13.33 -12.22 -11.11 -10.00 -8.89 -7.78 -6.67 -5.56 -4.44 -3.33 -2.22 -111 0.00 111 2.22 333 4.44 5.56 6.67 7.78 8.89 10.00 1111 12.22 13.33 14.44 15.56 16.67
-1.05 -0.98 -0.91 -0.84 -0.77 -0.70 -0.63 -0.56 -0.49 -0.42 -0.35 -0.28 -0.21 -0.14 -0.07 0.00 0.07 0.14 0.21 0.28 0.35 0.43 0.50 0.57 0.64 0.71 0.78 0.86 0.93 1.00 107

12 0O&M corrective failure rate common -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-0.43 -0.40 -0.37 -0.34 -0.32 -0.29 -0.26 -0.23 -0.20 -0.17 -0.14 -0.11 -0.09 -0.06 -0.03 0.00 0.03 0.06 0.09 0.11 0.14 0.17 0.20 0.23 0.26 0.29 0.32 0.34 0.37 0.40 0.43

13 Development costs -6.00 -5.60 -5.20 -4.80 -4.40 -4.00 -3.60 -3.20 -2.80 -2.40 -2.00 -1.60 -1.20 -0.80 -0.40 0.00 0.40 0.80 120 1.60 2.00 2.40 2.80 3.20 3.60 4.00 4.40 4.80 5.20 5.60 6.00
-0.29 -0.27 -0.25 -0.23 -0.21 -0.19 -0.17 -0.15 -0.13 -0.11 -0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.11 0.13 0.15 0.17 0.19 0.21 0.23 0.25 0.27 0.29

14 Export cable length -11.18 -10.43 -9.69 -8.94 -8.20 -7.45 -6.71 -5.96 -5.22 -4.47 -3.73 -2.98 -2.24 -1.49 -0.75 0.00 0.80 1.60 2.40 3.19 3.99 4.79 5.59 6.39 7.19 7.99 8.79 9.58 10.38 11.18 11.98
-0.84 -0.79 -0.73 -0.68 -0.62 -0.57 -0.51 -0.45 -0.40 -0.34 -0.28 -0.23 -0.17 -0.11 -0.06 0.00 0.06 0.12 0.18 0.25 0.31 0.37 0.43 0.50 0.56 0.62 0.69 0.75 0.81 0.88 0.94

15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -11.33 -10.20 -9.07 -7.93 -6.80 -5.67 -4.53 -3.40 -2.27 -1.13 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-0.82 -0.76 -0.71 -0.65 -0.60 -0.54 -0.49 -0.43 -0.38 -0.33 -0.27 -0.22 -0.16 -0.11 -0.05 0.00 0.05 0.11 0.16 0.22 0.27 0.33 0.38 0.43 0.49 0.54 0.60 0.65 0.71 0.76 0.82

16 IAC cable length -31.41 -29.32 -27.22 | -25.13 -23.03 -20.94 -18.85 | -16.75 -14.66 -12.56 | -10.47 -8.38 -6.28 -4.19 -2.09 0.00 0.78 157 235 3.14 3.92 4.71 5.49 6.28 7.06 7.85 8.63 9.42 10.20 10.99 11.77
-1.97 -1.84 -1.71 -1.57 -1.44 -131 -1.18 -1.05 -0.92 -0.79 -0.66 -0.53 -0.39 -0.26 -0.13 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.34 0.39 0.44 0.49 0.54 0.59 0.64 0.69 0.74

17 IAC cable cost -15.00 -14.00 -13.00 | -12.00 | -11.00 | -10.00 -9.00 -8.00 -7.00 -6.00 -5.00 -4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
-0.73 -0.68 -0.64 -0.59 -0.54 -0.49 -0.44 -0.39 -0.34 -0.29 -0.24 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.24 0.29 0.34 0.39 0.44 0.49 0.54 0.59 0.64 0.68 073

18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-0.75 -0.70 -0.65 -0.60 -0.55 -0.50 -0.45 -0.40 -0.35 -0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75

19 08&M preventive activities -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-0.99 -0.93 -0.86 -0.79 -0.73 -0.66 -0.59 -0.53 -0.46 -0.40 -0.33 -0.26 -0.20 -0.13 -0.07 0.00 0.07 0.13 0.20 0.26 0.33 0.40 0.46 0.53 0.59 0.66 0.73 0.79 0.86 0.93 0.99

2 0&M preventive repair cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-0.86 -0.80 -0.74 -0.68 -0.63 -0.57 -0.51 -0.46 -0.40 -0.34 -0.29 -0.23 -0.17 -0.11 -0.06 0.00 0.06 0.11 0.17 0.23 0.29 0.34 0.40 0.46 0.51 0.57 0.63 0.68 0.74 0.80 0.86

21 Energy -5.00 -4.67 -4.33 -4.00 -3.67 -3.33 -3.00 -2.67 -2.33 -2.00 -1.67 -1.33 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 167 2.00 233 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
5.25 4.88 4.52 4.16 3.80 3.44 3.09 2.73 2.38 2.04 1.69 135 1.01 0.67 0.33 0.00 -0.33 -0.66 -0.99 -1.31 -1.64 -1.96 -2.27 -2.59 -2.91 -3.22 -3.53 -3.84 -4.14 -4.45 -4.75

2 Life time -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -7.20 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
2.95 181 182 1.83 184 185 0.84 0.85 0.86 0.86 0.87 -0.03 -0.02 -0.01 -0.01 0.00 -0.80 -0.79 -0.79 -0.78 -0.78 -1.49 -1.48 -1.48 -1.47 -1.47 -2.11 -2.10 -2.10 -2.09 -2.66
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[ Parameter variation (%) I

| LCOE variation (%) |

i Discount rate 2000 | -1867 | -17.33 | -1600 1333 | 1200 | 1067 | 933 | 800 | 667 | 533 | -400 | -267 | -133 | 000 | 133 267 | 400 | 533 6.67 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 1733 | 1867 | 20.00
1225 | -11.45 | -1065 | -9.85 824 | 743 | 662 | 58 | 498 | 416 | 333 | 250 | -167 | 084 | 000 | 084 | 168 | 253 337 | 4220 | 507 | 593 | 679 | 765 | 851 | 937 | 1024 | 1110 | 11.98 | 12.85

B Availability loss 50.00 | -46.67 | -43.33 | -40.00 3333 | -30.00 | -2667 | 2333 | -2000 | -1667 | -13.33 | 1000 | -667 | 333 | 000 | 333 667 | 1000 | 1333 | 1667 | 20.00 | 2333 | 2667 | 30.00 | 3333 | 3667 | 40.00 | 4333 | 4667 | 50.00
417 390 | 363 | 336 28 | 254 | 227 | 199 | 171 | 143 | -115 | 08 | -058 | -029 | 000 | 029 | 058 | o088 | 117 147 177 207 | 237 | 268 | 299 | 329 | 360 | 392 | 423 | 455

3 Turbine cost -7.69 718 | 667 | 615 513 | 462 | -410 | 359 | 308 | 256 | -205 | -154 | 103 | -051 | 000 | 103 2.05 308 | 410 | 513 | 615 718 | 821 | 923 | 1026 | 1128 | 1231 | 1333 | 1436 | 1538
-2.10 196 | -182 | -168 140 | 126 | 112 | 098 | -084 | 070 | 056 | -042 | -028 | 014 | 000 | 028 | 056 | 084 | 112 140 | 168 196 | 224 | 250 | 280 | 308 | 336 | 364 | 392 | 420

4 Substructure cost 2000 | -1867 | -17.33 | -1600 1333 | 1200 | 1067 | 933 | 800 | 667 | 533 | -400 | -267 | -133 | 000 | 133 267 | 400 | 533 6.67 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 1733 | 1867 | 20.00
-3.66 342 | 317 | 293 244 | 220 | 195 | 171 | 146 | 122 | -098 | 073 | -049 | -024 | 000 | 024 | 049 | 073 | o098 122 1.46 171 195 | 220 | 244 | 268 | 293 | 37 | 342 | 366

s Anchor cost -10.00 933 | -867 | -8.00 667 | -600 | 533 | -467 | -400 | -333 | 267 | 200 | -133 | 067 | 000 | 067 | 133 200 | 267 333 | 400 | 467 | 533 | 600 | 667 | 733 | 800 | 867 | 933 | 1000
-0.04 004 | -004 | -003 003 | -002 | 002 | 002 | -002 | 001 | 001 | -001 | -001 | 000 | 000 | 000 | 00f | 00r | oo1 | o001 | 002 | 002 | 002 | 002 | 003 | 003 | 003 | 004 | 004 | o004

o Mooring cost -10.00 933 | -867 | -8.00 667 | 600 | 533 | 467 | 400 | 333 | -267 | 200 | 133 | -067 | 000 | 067 | 1.33 200 | 267 | 333 | 400 | 467 | 533 | 600 | 667 | 733 | 800 | 867 | 933 | 1000
-0.60 056 | -052 | -048 040 | -036 | 032 | 028 | -024 | 020 | 016 | -012 | -008 | 004 | 000 | 004 | 008 | 012 | 016 | 020 | 024 | 028 | 032 | 036 | 040 | 044 | 048 | 052 | 056 | 0.0

; Offshore substation cost 2000 | -1867 | -17.33 | -1600 1333 | 1200 | 1067 | 933 | 800 | 667 | 533 | -400 | -267 | -133 | 000 | 133 267 | 400 | 533 6.67 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 1733 | 1867 | 20.00
-1.06 098 | -091 | -0.8s 070 | 063 | -056 | 049 | 042 | 035 | -028 | 021 | 014 | -007 | 000 | 007 | 014 | 021 | 028 | 035 | 042 | 049 | 056 | 063 | 070 | 077 | 084 | 091 | o098 1.06

s AGMvessel rental time 2000 | -1867 | -17.33 | -16.00 1333 | 1200 | 1067 | 933 | -800 | 667 | 533 | -400 | -267 | -133 | 000 | 133 267 | 400 | 533 667 | 800 | 933 | 1067 | 12.00 | 1333 | 1467 | 1600 | 1733 | 1867 | 20.00
-0.17 016 | -015 | -014 012 | -010 [ 009 | 008 | -007 | -006 | 005 | -003 | -002 | 001 | 000 | 001 | 002 | 003 | 005 | 006 | 007 | 008 | 009 | 010 | 012 | 013 | 014 | 015 | 016 | 017

B Installation vessel dayrate designer 30.00 | 2800 | -26.00 | -24.00 20.00 | -18.00 | -16.00 | -14.00 | -12.00 | -10.00 | 800 | -6.00 | -400 | 200 | 000 | 133 267 | 400 | 533 6.67 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 1733 | 1867 | 20.00
-0.62 057 | -053 | -0.49 041 | -037 | 033 | 029 | -025 | 021 | 016 | -012 | -008 | 004 | 000 | 003 | 005 | 008 | 011 | 014 | 016 | 019 | 022 | 025 | 027 | 030 | 033 | 036 | 038 | o041

0 nstallation vessel export cable 3500 | -32.67 | -3033 | -28.00 2333 | -21.00 | 1867 | -1633 | -14.00 | 1167 | 933 | 700 | -467 | 233 | 000 | 387 | 773 | 11.60 | 1547 | 1933 | 2320 | 27.07 | 30.93 | 3480 | 3867 | 4253 | 4640 | 50.27 | 5413 | 5800
081 076 | -071 | 065 054 | 049 | -043 | 038 | 033 | 027 | 022 | 016 | 011 | -005 | 000 | 009 | 018 | 027 | 036 | 045 | 054 | 063 | 072 | 08 | 090 | 099 1.08 117 126 135

1 Turbine el. loss 1667 | -15.56 | -14.44 | -13.33 1101 | 1000 | 889 | 778 | -667 | 556 | -444 | -333 | 222 | 111 | 000 | 111 2.22 333 | 444 | 556 | 667 | 778 | 889 | 1000 | 1111 | 1222 | 1333 | 1444 | 1556 | 1667
-1.19 111 | 103 [ 095 080 | -072 | 064 | -056 | -048 | -040 | 032 | -024 | -016 | 008 | 000 | 008 | 016 | 024 | 032 | 040 | 048 | 057 | 065 | 073 | 081 | 089 | 097 1.06 114 122

M &M corrective failure rate common 2000 | -1867 | -17.33 | -1600 1333 | 1200 | 1067 | 933 | 800 | 667 | 533 | -400 | 267 | 133 | 000 | 133 267 | 400 | 533 6.67 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 1733 | 1867 | 20.00
034 031 | -029 | -027 022 | -020 | 018 | 016 | -013 | 011 | 009 | -007 | -004 | 002 | 000 | 002 | 004 | 007 | 009 | 011 | 013 | 016 | 018 | 020 | 022 | 025 | 027 | 029 | 031 | o034

3 Develapment costs -7.00 653 | -607 | -5.60 467 | 420 | 373 | 327 | 280 | 233 | -187 | 140 | -093 | 047 | 000 | 047 | 093 140 | 187 233 280 | 327 | 373 | 420 | 467 | 513 | 560 | 607 | 653 | 7.00
031 029 | -027 | 025 020 | 018 | -016 | 014 | 012 | 010 | -008 | 006 | 004 | -002 | 000 | 002 | 004 | 006 | 008 | 010 | 012 | 014 | 016 | 018 | 020 | 022 | 025 | 027 | 029 | o031

) Export cable length -3.58 334 | 310 | -2.8 239 | 215 | 191 | 167 | -143 | 119 | 095 | -072 | -048 | 024 | 000 | 010 | 021 | 031 | 042 | o052 | 063 | 073 | 084 | o094 1.05 115 1.26 136 147 157
217 203 | -189 | -175 147 | 133 | 118 | 104 | 089 | 074 | -060 | 045 | -030 | 015 | 000 | 007 | 013 | 020 | 027 | 033 | 040 | 047 | 054 | 060 | 067 | 074 | 08 | 088 | 094 101

s Export cable cost 1700 | -15.87 | -1473 | -13.60 1133 | 1020 | 907 | 793 | -680 | 567 | -453 | -340 | 227 | 113 | 000 | 113 227 | 340 | 453 567 | 680 | 793 | 907 | 1020 | 1133 | 1247 | 1360 | 1473 | 1587 | 17.00
197 184 | 171 | -158 132 | 118 | 105 | 092 | -079 | -066 | 053 | 039 | -026 | 013 | 000 | 013 | 026 | 039 | 053 | 066 | 079 | 09 1.05 118 132 1.45 158 171 1.84 197

6 AC cable length 3392 | -31.66 | -29.40 | -27.14 2261 | -2035 | 1809 | -1583 | 1357 | 1131 | -9.05 | 678 | -452 | -2.26 | 000 | 121 241 362 | 4.83 6.04 | 724 | 845 | 966 | 1087 | 1207 | 1328 | 1449 | 1570 | 1690 | 1811
155 144 | 134 | 124 103 | 093 | -083 | 072 | 062 | 052 | -041 | 031 | 021 | -010 | 000 | 006 | 011 | 017 | 022 | 028 | 033 | 039 | 044 | 050 | 055 | 061 | 066 | 072 | 077 | o083

= |AC cable cost 1500 | -14.00 | -13.00 | -12.00 000 | 900 | 800 | 700 | -600 | 500 | 400 | -300 | -200 | -1.00 | 000 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 11.00 | 1200 | 13.00 | 14.00 | 1500
051 048 | -045 | -0.41 034 | -031 | 027 | 024 | -021 | 017 | 014 | -010 | -007 | 003 | 000 | 003 | 007 | 010 | 014 | 017 | 021 | 024 | 027 | 031 | 034 | 038 | 041 | 045 | o048 | 051

18 Operation cost 2000 | -1867 | -17.33 | -1600 1333 | 1200 | 1067 | 933 | 800 | 667 | 533 | -400 | -267 | 133 | 000 | 133 267 | 400 | 533 6.67 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 1733 | 1867 | 20.00
-1.98 185 | 172 | 159 132 | 119 | 106 | 093 | 079 | -066 | 053 | -040 | -026 | 013 | 000 | 013 | 026 | 040 | 053 | 066 | 079 | 093 1.06 119 132 1.46 159 172 1.85 1.98

1 0&M preventive activities 2000 | -1867 | -17.33 | -16.00 1333 | -12.00 | 1067 | -933 | -800 | 667 | 533 | -400 | -267 | -133 | 000 | 133 267 | 400 | 533 667 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 1733 | 1867 | 2000
122 113 | 105 | -097 08 | 073 | -065 | 057 | 049 | 041 | -032 | 024 | 016 | -008 | 000 | 008 | 016 | 024 | 032 | 041 | 049 | 057 | 065 | 073 | 08 | 089 | o097 1.05 113 122

2 &M preventive repair cost 2000 | -1867 | -17.33 | -16.00 1333 | 1200 | 1067 | 933 | -800 | 667 | 533 | -400 | -267 | -133 | 000 | 133 267 | 400 | 533 667 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 1733 | 1867 | 20.00
-1.09 101 | -094 | -0.87 072 | -065 | 058 | -051 | -043 | -036 | 029 | -022 | -014 | 007 | 000 | 007 | 014 | 022 | 029 | 036 | 043 | 051 | 058 | 065 | 072 | 080 | 087 | 094 1.01 1.09

”n Energy -5.00 467 | -433 | -4.00 333 | 300 | -267 | -233 | 200 | 167 | -133 | -1.00 | -067 | -033 | 000 | 033 | 067 | 100 | 133 1.67 200 | 233 | 267 | 300 | 333 | 367 | 400 | 433 | 467 | 500
5.25 488 | 452 | 415 344 | 308 | 273 | 238 | 203 169 135 101 | 067 | 033 | 000 | -033 | 066 | -099 | -131 | -163 | 196 | -227 | -259 | 290 | 322 | -353 | 383 | 414 | -445 | -4.75

» Life time 1200 | -11.20 | -1040 | -9.60 800 | -7.20 | 640 | 560 | -480 | -400 | 320 | -2.40 | -1.60 | 080 | 000 | 080 | 160 | 240 | 320 | 400 | 48 | 560 | 640 | 720 | 800 | 880 | 960 | 1040 | 11.20 | 12.00
2.75 170 | 11 171 172 | 079 | 080 | 080 | 08 | 081 | 002 | -001 | -001 | 000 | 000 | -074 | 073 | 073 | -073 | -072 | -138 | -138 | -137 | -137 | 137 | -19 | 1.9 | 195 | -195 | -2.48
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\ LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

[ Parameter variation (%) |

[ LCOE variation (%) |

1 Discount rate -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-13.17 -12.32 -11.46 -10.60 -9.74 -8.87 -8.00 -7.12 -6.25 -5.36 -4.48 -3.59 -2.70 -1.80 0.00 0.91 1.81 2.73 3.64 4.56 5.48 6.40 7.33 8.26 9.19 10.12 11.06 12.00 12.94 13.89

2 Availability loss -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -30.00 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 0.00 3.33 6.67 10.00 13.33 16.67 20.00 2333 26.67 30.00 33.33 36.67 40.00 43.33 46.67 50.00
-2.56 -2.40 -2.23 -2.06 -1.89 -1.72 -1.55 -1.38 -1.21 -1.04 -0.87 -0.70 -0.52 -0.35 0.00 0.18 0.35 0.53 0.71 0.88 1.06 124 142 1.60 179 1.97 2.15 2.33 2.52 2.70

3 Turbine cost -7.69 -7.18 -6.67 -6.15 -5.64 -5.13 -4.62 -4.10 -3.59 -3.08 -2.56 -2.05 -1.54 -1.03 0.00 1.03 2.05 3.08 4.10 5.13 6.15 7.18 821 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-2.44 -2.27 -2.11 -1.95 -1.79 -1.62 -1.46 -1.30 -1.14 -0.97 -0.81 -0.65 -0.49 -0.32 0.00 0.32 0.65 0.97 1.30 1.62 1.95 2.27 2.60 2.92 3.25 3.57 3.90 4.22 4.55 4.87

4 Substructure cost -15.00 -14.00 -13.00 -12.00 -11.00 -10.00 -9.00 -8.00 -7.00 -6.00 -5.00 -4.00 -3.00 -2.00 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
-4.24 -3.96 -3.68 -3.39 -3.11 -2.83 -2.54 -2.26 -1.98 -1.70 -1.41 -113 -0.85 -0.57 0.00 0.09 0.19 0.28 0.38 0.47 0.57 0.66 0.75 0.85 0.94 1.04 113 123 132 141

5 Anchor cost -15.00 -14.00 -13.00 -12.00 -11.00 -10.00 -9.00 -8.00 -7.00 -6.00 -5.00 -4.00 -3.00 -2.00 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 333 3.67 4.00 4.33 4.67 5.00
-0.20 -0.19 -0.17 -0.16 -0.15 -0.13 -0.12 -0.11 -0.09 -0.08 -0.07 -0.05 -0.04 -0.03 0.00 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.04 0.05 0.05 0.06 0.06 0.07

6 Mooring cost -15.00 -14.00 -13.00 -12.00 -11.00 -10.00 -9.00 -8.00 -7.00 -6.00 -5.00 -4.00 -3.00 -2.00 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
-0.35 -0.33 -0.30 -0.28 -0.26 -0.23 -0.21 -0.19 -0.16 -0.14 -0.12 -0.09 -0.07 -0.05 0.00 0.01 0.02 0.02 0.03 0.04 0.05 0.05 0.06 0.07 0.08 0.09 0.09 0.10 0.11 0.12

7 Offshore substation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.08 -1.01 -0.94 -0.87 -0.80 -0.72 -0.65 -0.58 -0.51 -0.43 -0.36 -0.29 -0.22 -0.14 0.00 0.07 0.14 0.22 0.29 0.36 0.43 0.51 0.58 0.65 0.72 0.80 0.87 0.94 1.01 1.08

8 A&Mvessel rental time -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 0.00 0.67 133 2.00 2.67 333 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.50 -0.47 -0.43 -0.40 -0.37 -0.33 -0.30 -0.27 -0.23 -0.20 -0.17 -0.13 -0.10 -0.07 0.00 0.03 0.07 0.10 0.13 0.17 0.20 0.23 0.27 0.30 0.33 0.37 0.40 0.43 0.47 0.50

9 Installation vessel dayrate designer -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 0.00 0.67 133 2.00 2.67 333 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.64 -0.60 -0.56 -0.51 -0.47 -0.43 -0.38 -0.34 -0.30 -0.26 -0.21 -0.17 -0.13 -0.09 0.00 0.04 0.09 0.13 0.17 0.21 0.26 0.30 0.34 0.38 0.43 0.47 0.51 0.56 0.60 0.64

10 Installation vessel export cable -35.00 -32.67 -30.33 -28.00 -25.67 -23.33 -21.00 -18.67 -16.33 -14.00 -11.67 -9.33 -7.00 -4.67 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00
-0.19 -0.18 -0.17 -0.15 -0.14 -0.13 -0.11 -0.10 -0.09 -0.08 -0.06 -0.05 -0.04 -0.03 0.00 0.02 0.04 0.06 0.08 0.11 0.13 0.15 0.17 0.19 0.21 0.23 0.25 0.27 0.29 0.32

1 Turbine el. loss -16.67 -15.56 -14.44 -13.33 -12.22 -11.11 -10.00 -8.89 -7.78 -6.67 -5.56 -4.44 -3.33 -2.22 0.00 111 2.22 3.33 4.44 5.56 6.67 7.78 8.89 10.00 11.11 12.22 13.33 14.44 15.56 16.67
-1.04 -0.97 -0.91 -0.84 -0.77 -0.70 -0.63 -0.56 -0.49 -0.42 -0.35 -0.28 -0.21 -0.14 0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.57 0.64 0.71 0.78 0.85 0.92 0.99 1.07

1 O&M corrective failure rate common -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.36 -0.34 -0.31 -0.29 -0.26 -0.24 -0.22 -0.19 -0.17 -0.14 -0.12 -0.10 -0.07 -0.05 0.00 0.02 0.05 0.07 0.10 0.12 0.14 0.17 0.19 0.22 0.24 0.26 0.29 0.31 0.34 0.36

13 Development costs -15.00 -14.00 -13.00 -12.00 -11.00 -10.00 -9.00 -8.00 -7.00 -6.00 -5.00 -4.00 -3.00 -2.00 0.00 0.53 107 1.60 213 2.67 3.20 3.73 4.27 4.80 5.33 5.87 6.40 6.93 7.47 8.00
-0.72 -0.67 -0.62 -0.58 -0.53 -0.48 -0.43 -0.38 -0.34 -0.29 -0.24 -0.19 -0.14 -0.10 0.00 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.26 0.28 0.31 0.33 0.36 0.38

" Export cable length -9.59 -8.95 -8.31 -7.67 -7.03 -6.39 -5.75 -5.11 -4.48 -3.84 -3.20 -2.56 -1.92 -1.28 0.00 0.52 1.05 1.57 2.10 2.62 3.15 3.67 4.20 4.72 5.25 5.77 6.30 6.82 7.35 7.87
-0.32 -0.30 -0.28 -0.26 -0.24 -0.22 -0.19 -0.17 -0.15 -0.13 -0.11 -0.09 -0.06 -0.04 0.00 0.02 0.04 0.05 0.07 0.09 0.11 0.12 0.14 0.16 0.18 0.20 0.21 0.23 0.25 0.27

15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -11.33 -10.20 -9.07 -7.93 -6.80 -5.67 -4.53 -3.40 -2.27 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-0.39 -0.37 -0.34 -0.31 -0.29 -0.26 -0.24 -0.21 -0.18 -0.16 -0.13 -0.10 -0.08 -0.05 0.00 0.03 0.05 0.08 0.10 0.13 0.16 0.18 0.21 0.24 0.26 0.29 0.31 0.34 0.37 039

16 |AC cable length -31.12 -29.05 -26.97 -24.90 -22.82 -20.75 -18.67 -16.60 -14.52 -12.45 -10.37 -8.30 -6.22 -4.15 0.00 0.98 1.96 2.95 3.93 4.91 5.89 6.87 7.86 8.84 9.82 10.80 11.78 12.77 13.75 14.73
-1.32 -1.23 -115 -1.06 -0.97 -0.88 -0.79 -0.71 -0.62 -0.53 -0.44 -0.35 -0.26 -0.18 0.00 0.04 0.08 0.13 0.17 0.21 0.25 0.29 0.33 0.38 0.42 0.46 0.50 0.54 0.59 0.63

17 JAC cable cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.32 -0.30 -0.28 -0.26 -0.24 -0.22 -0.19 -0.17 -0.15 -0.13 -0.11 -0.09 -0.06 -0.04 0.00 0.02 0.04 0.06 0.09 0.11 0.13 0.15 0.17 0.19 0.22 0.24 0.26 0.28 0.30 0.32

18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 0.00 1.33 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.81 -0.75 -0.70 -0.64 -0.59 -0.54 -0.48 -0.43 -0.38 -0.32 -0.27 -0.21 -0.16 -0.11 0.00 0.05 0.11 0.16 0.21 0.27 0.32 0.38 0.43 0.48 0.54 0.59 0.64 0.70 0.75 0.81

19 &M preventive activities -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.37 -0.34 -0.32 -0.30 -0.27 -0.25 -0.22 -0.20 -0.17 -0.15 -0.12 -0.10 -0.07 -0.05 0.00 0.02 0.05 0.07 0.10 0.12 0.15 0.17 0.20 0.22 0.25 0.27 0.30 0.32 0.34 037

2 O&M preventive repair cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 0.00 1.33 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.25 -0.24 -0.22 -0.20 -0.19 -0.17 -0.15 -0.14 -0.12 -0.10 -0.08 -0.07 -0.05 -0.03 0.00 0.02 0.03 0.05 0.07 0.08 0.10 0.12 0.14 0.15 0.17 0.19 0.20 0.22 0.24 0.25

21 Energy -5.00 -4.67 -4.33 -4.00 -3.67 -3.33 -3.00 -2.67 -2.33 -2.00 -1.67 -133 -1.00 -0.67 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
5.26 4.90 4.53 4.17 3.81 3.45 3.09 2.74 2.39 2.04 1.69 135 101 0.67 0.00 -0.33 -0.66 -0.99 -1.32 -1.64 -1.96 -2.28 -2.60 -2.91 -3.23 -3.54 -3.85 -4.15 -4.46 -4.76

2 Life time -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -7.20 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
3.22 2.05 2.04 2.04 2.03 2.02 0.98 0.97 0.97 0.96 0.95 0.03 0.02 0.01 0.01 0.00 -0.82 -0.83 -0.84 -0.84 -0.85 -1.58 -1.59 -1.59 -1.60 -1.61 -2.26 -2.27 -2.27 -2.28 -2.87
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l Parameter variation (%) \

| LCOE variation (%) |

1 Discount rate -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-13.06 -12.21 -11.36 -10.51 -9.65 -8.79 -7.06 -6.19 -5.32 -4.44 -3.56 -2.67 -1.79 -0.89 0.00 0.90 1.80 2.70 3.61 4.52 5.43 6.35 7.26 8.19 9.11 10.04 10.97 11.90 12.83 13.77

2 Availability loss -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00 33.33 36.67 40.00 4333 46.67 50.00
-3.09 -2.89 -2.69 -2.49 -2.29 -2.08 -1.67 -1.47 -1.26 -1.05 -0.84 -0.63 -0.42 -0.21 0.00 0.21 0.43 0.64 0.86 1.08 1.29 151 173 1.95 2.17 2.40 2.62 2.84 3.07 3.30

3 Turbine cost -7.69 -7.18 -6.67 -6.15 -5.64 -5.13 -4.10 -3.59 -3.08 -2.56 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 5.13 6.15 7.18 8.21 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-2.17 -2.02 -1.88 -1.73 -1.59 -1.44 -1.16 -1.01 -0.87 -0.72 -0.58 -0.43 -0.29 -0.14 0.00 0.29 0.58 0.87 1.16 144 173 2.02 231 2.60 2.89 3.18 3.47 3.75 4.04 433

4 Substructure cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 333 3.67 4.00 4.33 4.67 5.00
-2.86 -2.67 -2.48 -2.29 -2.10 -1.91 -1.52 -1.33 -1.14 -0.95 -0.76 -0.57 -0.38 -0.19 0.00 0.10 0.19 0.29 0.38 0.48 0.57 0.67 0.76 0.86 0.95 1.05 114 124 133 143

5 Anchor cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -133 -0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-0.18 -0.17 -0.16 -0.14 -0.13 -0.12 -0.10 -0.08 -0.07 -0.06 -0.05 -0.04 -0.02 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6 Mooring cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-0.45 -0.42 -0.39 -0.36 -0.33 -0.30 -0.24 -0.21 -0.18 -0.15 -0.12 -0.09 -0.06 -0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

7 Offshore substation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.08 -1.01 -0.94 -0.87 -0.80 -0.72 -0.58 -0.51 -0.43 -0.36 -0.29 -0.22 -0.14 -0.07 0.00 0.07 0.14 0.22 0.29 0.36 0.43 0.51 0.58 0.65 0.72 0.80 0.87 0.94 1.01 1.08

B A&Mvessel rental time -10.00 933 | 867 | 800 | 733 | 667 533 | 467 | 400 | 333 | 267 | 200 | 133 | 067 | 000 | 067 | 133 | 200 | 267 | 333 | 400 | 467 | 533 | 600 | 667 | 733 | 800 | 867 | 933 | 1000
-0.57 -0.53 -0.49 -0.45 -0.42 -0.38 -0.30 -0.26 -0.23 -0.19 -0.15 -0.11 -0.08 -0.04 0.00 0.04 0.08 0.11 0.15 0.19 0.23 0.26 0.30 0.34 0.38 0.42 0.45 0.49 0.53 0.57

9 Installation vessel dayrate designer -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
069 065 | -060 | 055 | 051 | 046 037 | 032 | 028 | 023 | 018 | 014 | 009 | 005 | 000 | 005 | 009 | 014 | 018 | 023 | 028 | 032 | 037 | 04l | 046 | 051 | 055 | 060 | 065 | 069

10 Installation vessel export cable -35.00 -32.67 -30.33 -28.00 -25.67 -23.33 -18.67 -16.33 -14.00 -11.67 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00
-0.22 -0.21 -0.19 -0.18 -0.16 -0.15 -0.12 -0.10 -0.09 -0.07 -0.06 -0.04 -0.03 -0.01 0.00 0.02 0.05 0.07 0.10 0.12 0.15 0.17 0.20 0.22 0.24 0.27 0.29 0.32 0.34 0.37

1 Turbine el. loss -16.67 -15.56 -14.44 -13.33 -12.22 -11.11 -8.89 -7.78 -6.67 -5.56 -4.44 -3.33 -2.22 -1.11 0.00 111 2.22 3.33 4.44 5.56 6.67 7.78 8.89 10.00 11.11 12.22 13.33 14.44 15.56 16.67
-1.04 -0.97 -0.91 -0.84 -0.77 -0.70 -0.56 -0.49 -0.42 -0.35 -0.28 -0.21 -0.14 -0.07 0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.57 0.64 0.71 0.78 0.85 0.92 0.99 1.07
12 &M corrective failure rate common -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-0.32 -0.30 -0.28 -0.26 -0.23 -0.21 -0.17 -0.15 -0.13 -0.11 -0.09 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.09 0.11 0.13 0.15 0.17 0.19 0.21 0.23 0.26 0.28 0.30 0.32

13 Development costs -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.53 1.07 1.60 2.13 2.67 3.20 3.73 4.27 4.80 5.33 5.87 6.40 6.93 7.47 8.00
-0.57 -0.53 -0.49 -0.46 -0.42 -0.38 -0.30 -0.27 -0.23 -0.19 -0.15 -0.11 -0.08 -0.04 0.00 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.25 0.28 0.30 0.33 0.36 0.38
14 Export cable length -11.18 -10.43 -9.69 -8.94 -8.20 -7.45 -5.96 -5.22 -4.47 -3.73 -2.98 -2.24 -1.49 -0.75 0.00 0.80 1.60 2.40 3.19 3.99 4.79 5.59 6.39 7.19 7.99 8.79 9.58 10.38 11.18 11.98
-0.50 -0.47 -0.43 -0.40 -0.37 -0.33 -0.27 -0.23 -0.20 -0.17 -0.13 -0.10 -0.07 -0.03 0.00 0.04 0.07 0.11 0.15 0.18 0.22 0.26 0.29 0.33 0.37 0.40 0.44 0.48 0.52 0.55
15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -11.33 -9.07 -7.93 -6.80 -5.67 -4.53 -3.40 -2.27 -1.13 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-0.48 -0.45 -0.42 -0.38 -0.35 -0.32 -0.26 -0.22 -0.19 -0.16 -0.13 -0.10 -0.06 -0.03 0.00 0.03 0.06 0.10 0.13 0.16 0.19 0.22 0.26 0.29 0.32 0.35 0.38 0.42 0.45 0.48
16 IAC cable length -31.41 -29.32 -27.22 -25.13 -23.03 -20.94 -16.75 -14.66 -12.56 -10.47 -8.38 -6.28 -4.19 -2.09 0.00 0.78 157 2.35 3.14 3.92 4.71 5.49 6.28 7.06 7.85 8.63 9.42 10.20 10.99 11.77
125 116 | 108 | 100 | 091 | 083 067 | -058 | 050 | 042 | -033 | 025 | 017 | -008 | 000 | 003 | 006 | 009 | 012 | 016 | 019 | 022 | 025 | 028 | 031 | 034 | 037 | 041 | 044 | o047
17 IAC cable cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.30 -0.28 -0.26 -0.24 -0.22 -0.20 -0.16 -0.14 -0.12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30
18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.56 -0.52 -0.48 -0.45 -0.41 -0.37 -0.30 -0.26 -0.22 -0.19 -0.15 -0.11 -0.07 -0.04 0.00 0.04 0.07 0.11 0.15 0.19 0.22 0.26 0.30 0.33 0.37 0.41 0.45 0.48 0.52 0.56
19 0&M preventive activities -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.74 -0.69 -0.64 -0.59 -0.54 -0.49 -0.39 -0.34 -0.29 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.29 0.34 0.39 0.44 0.49 0.54 0.59 0.64 0.69 0.74
20 0&M preventive repair cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.64 -0.59 -0.55 -0.51 -0.47 -0.42 -0.34 -0.30 -0.25 -0.21 -0.17 -0.13 -0.08 -0.04 0.00 0.04 0.08 0.13 0.17 0.21 0.25 0.30 0.34 0.38 0.42 0.47 0.51 0.55 0.59 0.64

21 Energy -5.00 -4.67 -4.33 -4.00 -3.67 -3.33 -2.67 -2.33 -2.00 -1.67 -1.33 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 333 3.67 4.00 4.33 4.67 5.00
5.26 4.90 4.53 4.17 3.81 3.45 2.74 2.39 2.04 1.69 135 1.01 0.67 0.33 0.00 -0.33 -0.66 -0.99 -1.32 -1.64 -1.96 -2.28 -2.60 -2.91 -3.23 -3.54 -3.85 -4.15 -4.46 -4.76
2 Life time -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
3.23 2.06 2.05 2.04 2.03 2.02 0.98 0.97 0.96 0.95 0.03 0.02 0.02 0.01 0.00 -0.82 -0.83 -0.83 -0.84 -0.85 -1.58 -1.59 -1.59 -1.60 -1.61 -2.26 -2.27 -2.27 -2.28 -2.87
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[ Parameter variation (%) \

| LCOE variation (%) |

1 Discount rate -20.00 -18.67 -16.00 -14.67 -13.33 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-12.45 -11.65 -10.03 -9.21 -8.39 -6.74 -5.91 -5.07 -4.24 -3.39 -2.55 -1.70 -0.85 0.00 0.86 1.72 2.58 3.44 431 5.18 6.06 6.93 7.81 8.69 9.58 10.47 11.35 12.25 13.14
2 Availability loss -50.00 -46.67 -40.00 -36.67 -33.33 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00 33.33 36.67 40.00 43.33 46.67 50.00
-4.17 -3.90 -3.36 -3.09 -2.82 -2.27 -1.99 -1.71 -1.43 -1.15 -0.86 -0.58 -0.29 0.00 0.29 0.58 0.88 117 1.47 1.77 2.07 2.37 2.68 2.99 3.29 3.60 3.92 4.23 4.55
3 Turbine cost -7.69 -7.18 -6.15 -5.64 -5.13 -4.10 -3.59 -3.08 -2.56 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 5.13 6.15 7.18 821 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-1.39 -1.29 -111 -1.02 -0.92 -0.74 -0.65 -0.55 -0.46 -0.37 -0.28 -0.18 -0.09 0.00 0.18 0.37 0.55 0.74 0.92 111 1.29 1.48 1.66 1.85 2.03 2.22 2.40 2.59 277
4 Substructure cost -10.00 -9.33 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
-2.15 -2.00 -1.72 -1.57 -143 -114 -1.00 -0.86 -0.72 -0.57 -0.43 -0.29 -0.14 0.00 0.07 0.14 0.21 0.29 0.36 0.43 0.50 0.57 0.64 0.72 0.79 0.86 0.93 1.00 107
5 Anchor cost -15.00 -14.00 -13.00 -12.00 -11.00 -10.00 -8.00 -7.00 -6.00 -5.00 -4.00 -3.00 -2.00 -1.00 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
-0.28 -0.26 -0.22 -0.20 -0.18 -0.15 -0.13 -0.11 -0.09 -0.07 -0.06 -0.04 -0.02 0.00 0.01 0.01 0.02 0.02 0.03 0.04 0.04 0.05 0.06 0.06 0.07 0.07 0.08 0.09 0.09
6 Mooring cost 15.00 14.00 12.00 11.00 10.00 8.00 7.00 6.00 5.00 4.00 3.00 2.00 1.00 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
0.69 0.65 0.56 0.51 0.46 0.37 0.32 0.28 0.23 0.19 0.14 0.09 0.05 0.00 0.02 0.03 0.05 0.06 0.08 0.09 0.11 0.12 0.14 0.15 0.17 0.19 0.20 0.22 0.23
7 Offshore substation cost -20.00 -18.67 -16.00 -14.67 -13.33 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.08 -1.01 -0.87 -0.80 -0.72 -0.58 -0.51 -0.43 -0.36 -0.29 -0.22 -0.14 -0.07 0.00 0.07 0.14 0.22 0.29 0.36 0.43 0.51 0.58 0.65 0.72 0.80 0.87 0.94 1.01 1.08
8 A&Mvessel rental time -10.00 -9.33 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.41 -1.32 -1.13 -1.04 -0.94 -0.75 -0.66 -0.57 -0.47 -0.38 -0.28 -0.19 -0.09 0.00 0.19 0.38 0.57 0.75 0.94 113 132 151 170 1.88 2.07 2.26 245 2.64 2.83
9 Installation vessel dayrate designer -10.00 -9.33 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.59 -1.49 -1.27 -1.17 -1.06 -0.85 -0.74 -0.64 -0.53 -0.42 -0.32 -0.21 -0.11 0.00 0.21 0.42 0.64 0.85 1.06 127 1.49 170 191 2.12 2.34 2.55 2.76 2.97 3.19
. -35.00 -32.67 -28.00 -25.67 -23.33 -18.67 -16.33 -14.00 -11.67 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00

10 Installation vessel export cable
-0.54 -0.50 -0.43 -0.40 -0.36 -0.29 -0.25 -0.22 -0.18 -0.14 -0.11 -0.07 -0.04 0.00 0.06 0.12 0.18 0.24 0.30 0.36 0.42 0.48 0.54 0.60 0.66 0.71 0.77 0.83 0.89
1 Turbine el. loss -16.67 -15.56 -13.33 -12.22 -11.11 -8.89 -7.78 -6.67 -5.56 -4.44 -3.33 -2.22 -1.11 0.00 111 2.22 3.33 4.44 5.56 6.67 7.78 8.89 10.00 1111 12.22 13.33 14.44 15.56 16.67
-1.19 -111 -0.95 -0.87 -0.79 -0.64 -0.56 -0.48 -0.40 -0.32 -0.24 -0.16 -0.08 0.00 0.08 0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.73 0.81 0.89 0.97 1.05 113 122
12 08&M corrective failure rate common -20.00 -18.67 -16.00 -14.67 -13.33 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.22 -0.21 -0.18 -0.16 -0.15 -0.12 -0.10 -0.09 -0.07 -0.06 -0.04 -0.03 -0.01 0.00 0.01 0.03 0.04 0.06 0.07 0.09 0.10 0.12 0.13 0.15 0.16 0.18 0.19 0.21 0.22
13 Development costs -12.00 -11.20 -9.60 -8.80 -8.00 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
-0.55 -0.51 -0.44 -0.40 -0.36 -0.29 -0.25 -0.22 -0.18 -0.15 -0.11 -0.07 -0.04 0.00 0.04 0.07 0.11 0.15 0.18 0.22 0.25 0.29 0.33 0.36 0.40 0.44 0.47 0.51 0.55
14 Export cable length -3.58 -3.34 -2.86 -2.63 -2.39 -1.91 -1.67 -1.43 -1.19 -0.95 -0.72 -0.48 -0.24 0.00 0.10 0.21 0.31 0.42 0.52 0.63 0.73 0.84 0.94 1.05 115 1.26 136 1.47 157
-2.03 -1.90 -1.63 -1.50 -1.37 -1.10 -0.97 -0.83 -0.70 -0.56 -0.42 -0.28 -0.14 0.00 0.06 0.12 0.19 0.25 0.31 0.37 0.44 0.50 0.56 0.63 0.69 0.76 0.82 0.88 0.95
15 Export cable cost -17.00 -15.87 -13.60 -12.47 -11.33 -9.07 -7.93 -6.80 -5.67 -4.53 -3.40 -2.27 -1.13 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-1.31 -1.22 -1.05 -0.96 -0.87 -0.70 -0.61 -0.52 -0.44 -0.35 -0.26 -0.17 -0.09 0.00 0.09 0.17 0.26 0.35 0.44 0.52 0.61 0.70 0.78 0.87 0.96 1.05 113 122 131
16 IAC cable length -33.92 -31.66 -27.14 -24.87 -22.61 -18.09 -15.83 -13.57 -11.31 -9.05 -6.78 -4.52 -2.26 0.00 1.21 2.41 3.62 4.83 6.04 7.24 8.45 9.66 10.87 12.07 13.28 14.49 15.70 16.90 18.11
-110 -1.03 -0.88 -0.81 -0.73 -0.59 -0.51 -0.44 -0.37 -0.29 -0.22 -0.15 -0.07 0.00 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.31 0.35 0.39 0.43 0.47 0.51 0.55 0.59
17 |AC cable cost -10.00 -9.33 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 133 2.00 2.67 333 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.21 -0.20 -0.17 -0.16 -0.14 -0.13 -0.11 -0.10 -0.09 -0.07 -0.06 -0.04 -0.03 -0.01 0.00 0.01 0.03 0.04 0.06 0.07 0.09 0.10 0.11 0.13 0.14 0.16 0.17 0.18 0.20 0.21
18 Operation cost -20.00 -18.67 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.31 -1.22 -1.05 -0.96 -0.87 -0.79 -0.70 -0.61 -0.52 -0.44 -0.35 -0.26 -0.17 -0.09 0.00 0.09 0.17 0.26 0.35 0.44 0.52 0.61 0.70 0.79 0.87 0.96 1.05 114 122 131
19 0&M preventive activities -20.00 -18.67 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.80 -0.75 -0.64 -0.59 -0.54 -0.48 -0.43 -0.37 -0.32 -0.27 -0.21 -0.16 -0.11 -0.05 0.00 0.05 0.11 0.16 0.21 0.27 0.32 0.37 0.43 0.48 0.54 0.59 0.64 0.70 0.75 0.80
2 0&M preventive repair cost -20.00 -18.67 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 1.33 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.72 -0.67 -0.57 -0.53 -0.48 -0.43 -0.38 -0.33 -0.29 -0.24 -0.19 -0.14 -0.10 -0.05 0.00 0.05 0.10 0.14 0.19 0.24 0.29 0.33 0.38 0.43 0.48 0.53 0.57 0.62 0.67 0.72
21 Energy production -5.00 -4.67 -4.00 -3.67 -3.33 -3.00 -2.67 -2.33 -2.00 -1.67 -1.33 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
5.26 4.90 4.17 3.81 3.45 3.09 2.74 2.39 2.04 1.69 135 1.01 0.67 0.33 0.00 -0.33 -0.66 -0.99 -1.32 -1.64 -1.96 -2.28 -2.60 -2.91 -3.23 -3.54 -3.85 -4.15 -4.46 -4.76
2 Life time -12.00 -11.20 -9.60 -8.80 -8.00 -7.20 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 160 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
3.11 1.99 197 1.96 1.95 0.96 0.95 0.94 0.93 0.92 0.04 0.03 0.02 0.01 0.00 -0.78 -0.79 -0.80 -0.81 -0.82 -1.52 -1.53 -1.53 -1.54 -1.55 -2.17 -2.18 -2.19 -2.19 -2.76
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| Parameter variation (%) \

| LCOE variation (%) |

1 Discount rate -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-13.51 -12.63 -11.75 -10.87 -9.98 -9.09 -8.20 -7.30 -6.40 -5.49 -4.59 -3.68 -2.76 -1.84 -0.92 0.00 0.93 1.86 2.79 3.72 4.66 5.60 6.55 7.49 8.44 9.39 10.35 11.30 12.26 13.23 14.19

2 Availability loss -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -30.00 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 2333 26.67 30.00 33.33 36.67 40.00 43.33 46.67 50.00
-2.56 -2.40 -2.23 -2.06 -1.89 -1.72 -1.55 -1.38 -1.21 -1.04 -0.87 -0.70 -0.52 -0.35 -0.18 0.00 0.18 0.35 0.53 0.71 0.88 1.06 124 142 1.60 179 1.97 2.15 2.33 2.52 2.70

3 Turbine cost -7.69 -7.18 -6.67 -6.15 -5.64 -5.13 -4.62 -4.10 -3.59 -3.08 -2.56 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 5.13 6.15 7.18 8.21 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-2.80 -2.62 -2.43 -2.24 -2.06 -1.87 -1.68 -1.49 -1.31 -1.12 -0.93 -0.75 -0.56 -0.37 -0.19 0.00 0.37 0.75 1.12 1.49 1.87 2.24 2.62 2.99 3.36 3.74 4.11 4.48 4.86 5.23 5.61

4 Substructure cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-6.12 -5.71 -5.30 -4.89 -4.49 -4.08 -3.67 -3.26 -2.85 -2.45 -2.04 -1.63 -1.22 -0.82 -0.41 0.00 0.41 0.82 122 1.63 2.04 2.45 2.85 3.26 3.67 4.08 4.49 4.89 5.30 571 6.12

s Anchor cost -10.00 933 | 867 | 800 | 733 | 667 | 600 | 533 | 467 | 400 | 333 | 267 | 200 | 133 | 067 | 000 | 067 | 133 | 200 | 267 | 333 | 400 | 467 | 533 | 600 | 667 | 733 | 800 | 867 | 933 | 10.00
-0.04 -0.04 -0.03 -0.03 -0.03 -0.03 -0.02 -0.02 -0.02 -0.02 -0.01 -0.01 -0.01 -0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.04 0.04

6 Mooring cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.19 -0.17 -0.16 -0.15 -0.14 -0.12 -0.11 -0.10 -0.09 -0.07 -0.06 -0.05 -0.04 -0.02 -0.01 0.00 0.01 0.02 0.04 0.05 0.06 0.07 0.09 0.10 0.11 0.12 0.14 0.15 0.16 017 0.19

7 Offshore substation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.08 -1.01 -0.94 -0.87 -0.80 -0.72 -0.65 -0.58 -0.51 -0.43 -0.36 -0.29 -0.22 -0.14 -0.07 0.00 0.07 0.14 0.22 0.29 0.36 0.43 0.51 0.58 0.65 0.72 0.80 0.87 0.94 1.01 1.08

8 A&Mvessel rental time -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
0.9 008 | -008 | 007 | 007 | 006 | 005 | 005 | 004 | 004 | 003 | 002 | 002 | 001 | 001 | 000 | 001 | 002 | 004 | 005 | 006 | 007 | 008 | 010 | 011 | 012 | 013 | 014 | 016 | 047 | o018

9 Installation vessel dayrate designer -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -30.00 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 2333 26.67 30.00 33.33 36.67 40.00 43.33 46.67 50.00
-118 -110 -1.02 -0.94 -0.86 -0.78 -0.71 -0.63 -0.55 -0.47 -0.39 -0.31 -0.24 -0.16 -0.08 0.00 0.08 0.16 0.24 0.31 0.39 0.47 0.55 0.63 0.71 0.78 0.86 0.94 1.02 1.10 118

10 Installation vessel export cable -35.00 -32.67 -30.33 -28.00 -25.67 -23.33 -21.00 -18.67 -16.33 -14.00 -11.67 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00
-0.22 -0.21 -0.19 -0.18 -0.16 -0.15 -0.13 -0.12 -0.10 -0.09 -0.07 -0.06 -0.04 -0.03 -0.01 0.00 0.02 0.05 0.07 0.10 0.12 0.15 0.17 0.20 0.22 0.25 0.27 0.29 0.32 0.34 0.37

1 Turbine el. loss -16.67 -15.56 -14.44 -13.33 -12.22 -11.11 -10.00 -8.89 -7.78 -6.67 -5.56 -4.44 -3.33 -2.22 -111 0.00 111 2.22 3.33 4.44 5.56 6.67 7.78 8.89 10.00 1111 12.22 13.33 14.44 15.56 16.67
-1.04 -0.97 -0.90 -0.83 -0.76 -0.69 -0.63 -0.56 -0.49 -0.42 -0.35 -0.28 -0.21 -0.14 -0.07 0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.56 0.63 0.70 0.78 0.85 0.92 0.99 1.06

12 0&M corrective failure rate common -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.41 -0.39 -0.36 -0.33 -0.30 -0.28 -0.25 -0.22 -0.19 -0.17 -0.14 -0.11 -0.08 -0.06 -0.03 0.00 0.03 0.06 0.08 0.11 0.14 0.17 0.19 0.22 0.25 0.28 0.30 0.33 0.36 0.39 0.41

13 Development costs -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.49 -0.45 -0.42 -0.39 -0.36 -0.32 -0.29 -0.26 -0.23 -0.19 -0.16 -0.13 -0.10 -0.06 -0.03 0.00 0.03 0.06 0.10 0.13 0.16 0.19 0.23 0.26 0.29 0.32 0.36 0.39 0.42 0.45 0.49

14 Export cable length -9.59 -8.95 -8.31 -7.67 -7.03 -6.39 -5.75 -5.11 -4.48 -3.84 -3.20 -2.56 -1.92 -1.28 -0.64 0.00 0.52 1.05 1.57 2.10 2.62 3.15 3.67 4.20 4.72 5.25 5.77 6.30 6.82 7.35 7.87
-0.37 -0.35 -0.32 -0.30 -0.27 -0.25 -0.22 -0.20 -0.17 -0.15 -0.12 -0.10 -0.07 -0.05 -0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.25 0.27 0.29 0.31

15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -11.33 -10.20 -9.07 -7.93 -6.80 -5.67 -4.53 -3.40 -2.27 -1.13 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-0.46 -0.43 -0.40 -0.37 -0.34 -0.31 -0.28 -0.25 -0.21 -0.18 -0.15 -0.12 -0.09 -0.06 -0.03 0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.25 0.28 0.31 0.34 037 0.40 0.43 0.46

16 IAC cable length -31.12 -29.05 -26.97 -24.90 -22.82 -20.75 -18.67 -16.60 -14.52 -12.45 -10.37 -8.30 -6.22 -4.15 -2.07 0.00 0.98 1.96 2.95 3.93 4.91 5.89 6.87 7.86 8.84 9.82 10.80 11.78 12.77 13.75 14.73
-1.36 -1.27 -118 -1.09 -1.00 -0.91 -0.82 -0.73 -0.64 -0.55 -0.46 -0.36 -0.27 -0.18 -0.09 0.00 0.04 0.09 0.13 0.17 0.22 0.26 0.30 0.35 0.39 0.43 0.48 0.52 0.56 0.61 0.65

17 IAC cable cost -25.00 -23.33 -21.67 -20.00 -18.33 -16.67 -15.00 -13.33 -11.67 -10.00 -8.33 -6.67 -5.00 -3.33 -1.67 0.00 167 3.33 5.00 6.67 8.33 10.00 11.67 13.33 15.00 16.67 18.33 20.00 21.67 23.33 25.00
-0.62 057 | 053 | 049 | 045 | 041 | 037 | 033 | 029 | 025 | 021 | 016 | 012 | 008 | 004 | 000 | 004 | 008 | 012 | 016 | 021 | 025 | 029 | 033 | 037 | 041 | 045 | 049 | 053 | 057 | o062

18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.93 -0.87 -0.80 -0.74 -0.68 -0.62 -0.56 -0.49 -0.43 -0.37 -0.31 -0.25 -0.19 -0.12 -0.06 0.00 0.06 0.12 0.19 0.25 0.31 0.37 0.43 0.49 0.56 0.62 0.68 0.74 0.80 0.87 0.93

19 &M preventive activities -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
042 040 | 037 | 034 | 031 | 028 | 025 | 023 | 020 | 017 | 014 | 011 | 008 | 006 | 003 | 000 | 003 | 006 | 008 | 011 | 014 | 017 | 020 | 023 | 025 | 028 | 031 | 034 | 037 | 040 | 042

20 O&M preventive repair cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.29 -0.27 -0.25 -0.23 -0.22 -0.20 -0.18 -0.16 -0.14 -0.12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.23 0.25 0.27 0.29

21 Energy production -5.00 -4.67 -4.33 -4.00 -3.67 -3.33 -3.00 -2.67 -2.33 -2.00 -1.67 -133 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 167 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
5.26 4.90 4.53 4.17 3.81 3.45 3.09 2.74 2.39 2.04 1.69 1.35 1.01 0.67 0.33 0.00 -0.33 -0.66 -0.99 -1.32 -1.64 -1.96 -2.28 -2.60 -2.91 -3.23 -3.54 -3.85 -4.15 -4.46 -4.76

2 Life time -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -7.20 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
3.11 1.94 1.94 1.94 1.95 1.95 0.91 0.91 0.91 0.92 0.92 -0.01 0.00 0.00 0.00 0.00 -0.82 -0.82 -0.82 -0.82 -0.82 -1.55 -1.55 -1.55 -1.55 -1.55 -2.21 -2.21 -2.20 -2.20 -2.79
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[ Parameter variation (%) |

| LCOE variation (%) |

1 Discount rate -20.00 -18.67 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-13.38 -12.51 -10.76 -9.88 -9.00 -8.12 -7.23 -6.34 -5.44 -4.54 -3.64 -2.73 -1.83 -0.91 0.00 0.92 1.84 2.76 3.69 4.62 5.55 6.48 7.42 8.36 9.30 10.25 11.19 12.14 13.10 14.05

2 Availability loss -50.00 -46.67 -40.00 -36.67 -33.33 -30.00 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00 33.33 36.67 40.00 43.33 46.67 50.00
-3.09 -2.89 -2.49 -2.29 -2.08 -1.88 -1.67 -1.47 -1.26 -1.05 -0.84 -0.63 -0.42 -0.21 0.00 0.21 0.43 0.64 0.86 1.08 129 151 173 1.95 2.17 2.40 2.62 2.84 3.07 3.30

3 Turbine cost -7.69 -7.18 -6.15 -5.64 -5.13 -4.62 -4.10 -3.59 -3.08 -2.56 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 5.13 6.15 7.18 8.21 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-2.52 -2.35 -2.01 -1.85 -1.68 -1.51 -1.34 -117 -1.01 -0.84 -0.67 -0.50 -0.34 -0.17 0.00 0.34 0.67 1.01 1.34 1.68 2.01 2.35 2.69 3.02 3.36 3.69 4.03 4.36 4.70 5.03

4 Substructure cost -25.00 -23.33 -20.00 -18.33 -16.67 -15.00 -13.33 -11.67 -10.00 -8.33 -6.67 -5.00 -3.33 -1.67 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
-1.77 -7.25 -6.22 -5.70 -5.18 -4.66 -4.14 -3.63 -3.11 -2.59 -2.07 -1.55 -1.04 -0.52 0.00 0.62 1.24 1.87 2.49 311 3.73 4.35 4.97 5.60 6.22 6.84 7.46 8.08 8.70 9.33

5 Anchor cost -10.00 -9.33 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 1.67 333 5.00 6.67 833 10.00 11.67 13.33 15.00 16.67 18.33 20.00 21.67 23.33 25.00
-0.05 -0.05 -0.04 -0.04 -0.04 -0.03 -0.03 -0.03 -0.02 -0.02 -0.01 -0.01 -0.01 0.00 0.00 0.01 0.02 0.03 0.04 0.05 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14

6 Mooring cost -10.00 -9.33 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -133 -0.67 0.00 167 333 5.00 6.67 833 10.00 11.67 13.33 15.00 16.67 18.33 20.00 2167 23.33 25.00
-0.35 -0.33 -0.28 -0.26 -0.23 -0.21 -0.19 -0.16 -0.14 -0.12 -0.09 -0.07 -0.05 -0.02 0.00 0.06 0.12 0.17 0.23 0.29 0.35 0.41 0.47 0.52 0.58 0.64 0.70 0.76 0.81 0.87

7 Offshore substation cost -20.00 -18.67 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.08 -1.01 -0.87 -0.80 -0.72 -0.65 -0.58 -0.51 -0.43 -0.36 -0.29 -0.22 -0.14 -0.07 0.00 0.07 0.14 0.22 0.29 0.36 0.43 0.51 0.58 0.65 0.72 0.80 0.87 0.94 1.01 1.08

s A&Mvessel rental time -30.00 -28.00 -24.00 -22.00 -20.00 -18.00 -16.00 -14.00 -12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
-0.27 -0.25 -0.22 -0.20 -0.18 -0.16 -0.15 -0.13 -0.11 -0.09 -0.07 -0.05 -0.04 -0.02 0.00 0.02 0.04 0.05 0.07 0.09 0.11 0.13 0.15 0.16 0.18 0.20 0.22 0.24 0.25 0.27

9 Installation vessel dayrate designer -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -30.00 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 333 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00 33.33 36.67 40.00 43.33 46.67 50.00
114 106 | 099 | 091 | 084 | 076 | 068 | 061 | 053 | 046 | 038 | 030 | 023 | 015 | 008 | 000 | 008 | 015 | 023 | 030 | 038 | 046 | 053 | 06l | 068 | 076 | 084 | 091 | 099 | 106 | 114

10 Installation vessel export cable -35.00 -32.67 -30.33 -28.00 -25.67 -23.33 -21.00 -18.67 -16.33 -14.00 -11.67 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00
-0.27 -0.25 -0.23 -0.21 -0.20 -0.18 -0.16 -0.14 -0.12 -0.11 -0.09 -0.07 -0.05 -0.04 -0.02 0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 0.29 0.32 0.35 0.38 0.41 0.44

n Turbine el. loss 1667 | 1556 | 1444 | 1333 | 1222 | 1111 | 1000 | 889 | 778 | 667 | 55 | 444 | 333 | 2220 | 141 | 000 | 111 | 222 | 333 | 444 | 55 | 667 | 778 | 889 | 1000 | 1111 | 1222 | 1333 | 1444 | 1556 | 1667
-1.04 -0.97 -0.90 -0.83 -0.76 -0.70 -0.63 -0.56 -0.49 -0.42 -0.35 -0.28 -0.21 -0.14 -0.07 0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.56 0.63 0.70 0.78 0.85 0.92 0.99 1.06

12 08&M corrective failure rate common -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.37 -0.35 -0.32 -0.30 -0.27 -0.25 -0.22 -0.20 -0.17 -0.15 -0.12 -0.10 -0.07 -0.05 -0.02 0.00 0.02 0.05 0.07 0.10 0.12 0.15 0.17 0.20 0.22 0.25 0.27 0.30 0.32 0.35 037

13 Development costs -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 1.33 2.00 2.67 3.33 4.00 4.67 533 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.48 -0.45 -0.42 -0.38 -0.35 -0.32 -0.29 -0.26 -0.22 -0.19 -0.16 -0.13 -0.10 -0.06 -0.03 0.00 0.03 0.06 0.10 0.13 0.16 0.19 0.22 0.26 0.29 0.32 0.35 0.38 0.42 0.45 0.48

14 Export cable length -11.18 -10.43 -9.69 -8.94 -8.20 -7.45 -6.71 -5.96 -5.22 -4.47 -3.73 -2.98 -2.24 -1.49 -0.75 0.00 0.80 1.60 2.40 3.19 3.99 4.79 5.59 6.39 7.19 7.99 8.79 9.58 10.38 11.18 11.98
-0.59 -0.55 -0.51 -0.47 -0.44 -0.40 -0.36 -0.32 -0.28 -0.24 -0.20 -0.16 -0.12 -0.08 -0.04 0.00 0.04 0.09 0.13 0.17 0.22 0.26 0.30 0.35 0.39 0.43 0.48 0.52 0.57 0.61 0.65

15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -11.33 -10.20 -9.07 -7.93 -6.80 -5.67 -4.53 -3.40 -2.27 -113 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-0.58 -0.54 -0.50 -0.47 -0.43 -0.39 -0.35 -0.31 -0.27 -0.23 -0.19 -0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.19 0.23 0.27 0.31 0.35 039 0.43 0.47 0.50 0.54 0.58

16 IAC cable length -31.41 -29.32 -27.22 -25.13 -23.03 -20.94 -18.85 -16.75 -14.66 -12.56 -10.47 -8.38 -6.28 -4.19 -2.09 0.00 0.78 1.57 2.35 3.14 3.92 4.71 5.49 6.28 7.06 7.85 8.63 9.42 10.20 10.99 11.77
-1.38 -1.28 -1.19 -1.10 -1.01 -0.92 -0.83 -0.73 -0.64 -0.55 -0.46 -0.37 -0.28 -0.18 -0.09 0.00 0.03 0.07 0.10 0.14 0.17 0.21 0.24 0.28 0.31 0.35 0.38 0.41 0.45 0.48 0.52

17 JAC cable cost -25.00 -23.33 -21.67 -20.00 -18.33 -16.67 -15.00 -13.33 -11.67 -10.00 -8.33 -6.67 -5.00 -3.33 -1.67 0.00 1.67 3.33 5.00 6.67 8.33 10.00 11.67 13.33 15.00 16.67 18.33 20.00 21.67 23.33 25.00
-0.60 -0.56 -0.52 -0.48 -0.44 -0.40 -0.36 -0.32 -0.28 -0.24 -0.20 -0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60

18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.65 -0.61 -0.56 -0.52 -0.48 -0.43 -0.39 -0.35 -0.30 -0.26 -0.22 -0.17 -0.13 -0.09 -0.04 0.00 0.04 0.09 0.13 0.17 0.22 0.26 0.30 0.35 0.39 0.43 0.48 0.52 0.56 0.61 0.65

19 0&M preventive activities -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.86 -0.80 -0.74 -0.69 -0.63 -0.57 -0.51 -0.46 -0.40 -0.34 -0.29 -0.23 -0.17 -0.11 -0.06 0.00 0.06 0.11 0.17 0.23 0.29 0.34 0.40 0.46 0.51 0.57 0.63 0.69 0.74 0.80 0.86

2 0&M preventive repair cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.74 -0.69 -0.64 -0.59 -0.54 -0.49 -0.44 -0.39 -0.34 -0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.34 039 0.44 0.49 0.54 0.59 0.64 0.69 0.74

21 Energy -5.00 -4.67 -4.33 -4.00 -3.67 -3.33 -3.00 -2.67 -2.33 -2.00 -1.67 -1.33 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
5.26 4.90 4.53 4.17 3.81 3.45 3.09 2.74 2.39 2.04 1.69 135 1.01 0.67 0.33 0.00 -0.33 -0.66 -0.99 -1.32 -1.64 -1.96 -2.28 -2.60 -2.91 -3.23 -3.54 -3.85 -4.15 -4.46 -4.76

2 Life time -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -7.20 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
3.07 191 | 19 | 19 | 19 | 19 | 090 | 090 | 09 | 09 | 091 | -001 | -001 | 000 | 000 | 000 | 081 | 081 | -081 | -081 | -081 | 153 | 153 | 153 | 153 | 153 | 218 | 218 | 218 | 217 | 276

LIFES50+ Deliverable, project 640741 58/63




LIFES50+ D7.6: Framework for LCOE, uncertainty and risk considerations during design

l Parameter variation (%) \

| LCOE variation (%)

1 Pk EE -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-12.43 -11.62 -10.81 -10.00 -9.18 -8.36 -7.54 -6.72 -5.89 -5.05 -4.22 -3.38 -2.54 -1.70 -0.85 0.00 0.85 171 2.57 3.43 4.29 5.15 6.02 6.89 7.77 8.64 9.52 10.40 11.28 12.17 13.06

2 Availability loss -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -30.00 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00 33.33 36.67 40.00 4333 46.67 50.00
-4.17 -3.90 -3.63 -3.36 -3.09 -2.82 -2.54 -2.27 -1.99 -1.71 -1.43 -1.15 -0.86 -0.58 -0.29 0.00 0.29 0.58 0.88 1.17 1.47 1.77 2.07 2.37 2.68 2.99 3.29 3.60 3.92 4.23 4.55

3 ThDER -7.69 -7.18 -6.67 -6.15 -5.64 -5.13 -4.62 -4.10 -3.59 -3.08 -2.56 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 5.13 6.15 7.18 8.21 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-1.92 -1.79 -1.66 -1.53 -1.41 -1.28 -115 -1.02 -0.89 -0.77 -0.64 -0.51 -0.38 -0.26 -0.13 0.00 0.26 0.51 0.77 1.02 128 153 179 2.04 2.30 2.56 2.81 3.07 3.32 3.58 3.83

4 O R -25.00 -23.33 -21.67 -20.00 -18.33 -16.67 -15.00 -13.33 -11.67 -10.00 -8.33 -6.67 -5.00 -3.33 -1.67 0.00 1.67 3.33 5.00 6.67 833 10.00 11.67 13.33 15.00 16.67 18.33 20.00 21.67 23.33 25.00
-6.08 -5.67 -5.27 -4.86 -4.46 -4.05 -3.65 -3.24 -2.84 -2.43 -2.03 -1.62 -1.22 -0.81 -0.41 0.00 0.41 0.81 122 1.62 2.03 243 2.84 3.24 3.65 4.05 4.46 4.86 5.27 5.67 6.08

5 PaEr s -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -133 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 533 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.12 -0.11 -0.11 -0.10 -0.09 -0.08 -0.07 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.02 -0.01 0.00 0.01 0.02 0.02 0.03 0.04 0.05 0.06 0.07 0.07 0.08 0.09 0.10 0.11 0.11 0.12

6 Mooring cost -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -6.00 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.35 -0.33 -0.31 -0.28 -0.26 -0.24 -0.21 -0.19 -0.17 -0.14 -0.12 -0.09 -0.07 -0.05 -0.02 0.00 0.02 0.05 0.07 0.09 0.12 0.14 0.17 0.19 0.21 0.24 0.26 0.28 0.31 0.33 0.35

7 o a T R -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.08 -1.01 -0.94 -0.87 -0.80 -0.72 -0.65 -0.58 -0.51 -0.43 -0.36 -0.29 -0.22 -0.14 -0.07 0.00 0.07 0.14 0.22 0.29 0.36 0.43 0.51 0.58 0.65 0.72 0.80 0.87 0.94 1.01 1.08

a PP 5000 | 4667 | 4333 | 4000 | 36.67 | 3333 | 30.00 | 2667 | 2333 | 2000 | 1667 | 1333 | 1000 | -6.67 | 333 | 000 | 333 | 667 | 1000 | 1333 | 1667 | 2000 | 2333 | 2667 | 30.00 | 3333 | 3667 | 4000 | 4333 | 4667 | 50.00
-0.83 -0.77 -0.72 -0.66 -0.61 -0.55 -0.50 -0.44 -0.39 -0.33 -0.28 -0.22 -0.17 -0.11 -0.06 0.00 0.06 0.11 0.17 0.22 0.28 0.33 0.39 0.44 0.50 0.55 0.61 0.66 0.72 0.77 0.83

9 (e EeneesdhEn s er -30.00 -28.00 -26.00 -24.00 -22.00 -20.00 -18.00 -16.00 -14.00 -12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
093 087 | 080 | 074 | 068 | 062 | 056 | 049 | 043 | 037 | 031 | 025 | 019 | 012 | 006 | 000 | 006 | 012 | 019 | 025 | 031 | 037 | 043 | 049 | 056 | 062 | 068 | 074 | 080 | 087 | 093

N -35.00 -32.67 -30.33 -28.00 -25.67 -23.33 -21.00 -18.67 -16.33 -14.00 -11.67 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00

10 Installation vessel export cable

-0.74 -0.69 -0.64 -0.59 -0.54 -0.49 -0.44 -0.39 -0.35 -0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.08 0.16 0.25 0.33 0.41 0.49 0.57 0.65 0.74 0.82 0.90 0.98 1.06 114 123

1 Tk ks -16.67 -15.56 -14.44 -13.33 -12.22 -11.11 -10.00 -8.89 -7.78 -6.67 -5.56 -4.44 -3.33 -2.22 -1.11 0.00 111 2.22 3.33 4.44 5.56 6.67 7.78 8.89 10.00 11.11 12.22 13.33 14.44 15.56 16.67
-118 -1.10 -1.02 -0.94 -0.87 -0.79 -0.71 -0.63 -0.55 -0.47 -0.40 -0.32 -0.24 -0.16 -0.08 0.00 0.08 0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.72 0.80 0.88 0.96 1.04 112 121

12 RN ETEs v T o G -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-0.31 -0.29 -0.27 -0.25 -0.23 -0.20 -0.16 -0.14 -0.12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.23 0.25 0.27 0.29 0.31

13 eSS -10.00 -9.33 -8.67 -8.00 -7.33 -6.67 -5.33 -4.67 -4.00 -3.33 -2.67 -2.00 -1.33 -0.67 0.00 0.67 133 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67 7.33 8.00 8.67 9.33 10.00
-0.45 -0.42 -0.39 -0.36 -0.33 -0.30 -0.24 -0.21 -0.18 -0.15 -0.12 -0.09 -0.06 -0.03 0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 0.30 0.33 0.36 0.39 0.42 0.45

14 Export cable length -3.58 -3.34 -3.10 -2.86 -2.63 -2.39 -2.15 -1.91 -1.67 -1.43 -1.19 -0.95 -0.72 -0.48 -0.24 0.00 0.10 0.21 0.31 0.42 0.52 0.63 0.73 0.84 0.94 1.05 1.15 1.26 136 147 1.57
-2.11 -1.97 -1.84 -1.70 -1.56 -143 -1.29 -115 -1.01 -0.87 -0.72 -0.58 -0.44 -0.29 -0.15 0.00 0.06 0.13 0.19 0.26 0.32 0.39 0.46 0.52 0.59 0.65 0.72 0.79 0.85 0.92 0.99

15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -11.33 -10.20 -9.07 -7.93 -6.80 -5.67 -4.53 -3.40 -2.27 -1.13 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-1.79 -1.67 -1.55 -1.43 -1.31 -1.20 -1.08 -0.96 -0.84 -0.72 -0.60 -0.48 -0.36 -0.24 -0.12 0.00 0.12 0.24 0.36 0.48 0.60 0.72 0.84 0.96 1.08 1.20 131 143 1.55 1.67 1.79

16 IAC cable length -33.92 -31.66 -29.40 -27.14 -24.87 -22.61 -20.35 -18.09 -15.83 -13.57 -11.31 -9.05 -6.78 -4.52 -2.26 0.00 121 2.41 3.62 4.83 6.04 7.24 8.45 9.66 10.87 12.07 13.28 14.49 15.70 16.90 18.11
135 12 | 117 | 108 | 09 | 09 | 081 | 072 | 063 | 054 | 045 | 036 | 027 | 018 | 009 | 000 | 005 | 010 | 014 | 019 | 024 | 029 | 034 | 039 | 043 | 048 | 053 | 058 | 063 | 068 | 073

17 heclbas -25.00 -23.33 -21.67 -20.00 -18.33 -16.67 -15.00 -13.33 -11.67 -10.00 -8.33 -6.67 -5.00 -3.33 -1.67 0.00 1.67 3.33 5.00 6.67 833 10.00 11.67 13.33 15.00 16.67 18.33 20.00 21.67 23.33 25.00
-0.48 -0.44 -0.41 -0.38 -0.35 -0.32 -0.29 -0.25 -0.22 -0.19 -0.16 -0.13 -0.10 -0.06 -0.03 0.00 0.03 0.06 0.10 0.13 0.16 0.19 0.22 0.25 0.29 0.32 0.35 0.38 0.41 0.44 0.48

18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.81 -1.69 -1.57 -1.45 -1.33 -1.21 -1.09 -0.97 -0.85 -0.73 -0.60 -0.48 -0.36 -0.24 -0.12 0.00 0.12 0.24 0.36 0.48 0.60 0.73 0.85 0.97 1.09 121 133 145 157 1.69 1.81

19 0&M preventive activities -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.11 -1.04 -0.96 -0.89 -0.81 -0.74 -0.67 -0.59 -0.52 -0.44 -0.37 -0.30 -0.22 -0.15 -0.07 0.00 0.07 0.15 0.22 0.30 0.37 0.44 0.52 0.59 0.67 0.74 0.81 0.89 0.96 1.04 111

2 0&M preventive repair cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.99 -0.93 -0.86 -0.79 -0.73 -0.66 -0.59 -0.53 -0.46 -0.40 -0.33 -0.26 -0.20 -0.13 -0.07 0.00 0.07 0.13 0.20 0.26 0.33 0.40 0.46 0.53 0.59 0.66 0.73 0.79 0.86 0.93 0.99

2 Energy -5.00 -4.67 -4.33 -4.00 -3.67 -3.33 -3.00 -2.67 -2.33 -2.00 -1.67 -1.33 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 1.67 2.00 2.33 2.67 3.00 333 3.67 4.00 4.33 4.67 5.00
5.26 4.90 4.53 4.17 3.81 3.45 3.09 2.74 2.39 2.04 1.69 135 1.01 0.67 0.33 0.00 -0.33 -0.66 -0.99 -1.32 -1.64 -1.96 -2.28 -2.60 -2.91 -3.23 -3.54 -3.85 -4.15 -4.46 -4.76

2 Life time -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -7.20 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
2.86 179 179 179 179 1.79 0.84 0.84 0.84 0.84 0.84 -0.01 0.00 0.00 0.00 0.00 -0.76 -0.76 -0.75 -0.75 -0.75 -1.43 -1.43 -1.43 -1.43 -1.42 -2.03 -2.03 -2.03 -2.03 -2.57
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[ Parameter vaniation (%] I

| LCOE variation (%) |
1 Discount rate -20.00 -18.67 -17.33 -16.00 -14.67 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-13.15 -12.30 -11.44 -10.58 -9.72 -7.98 -7.11 -6.23 -5.35 -4.46 -3.58 -2.69 -1.79 -0.90 0.00 0.90 1.81 271 3.63 4.54 5.45 6.37 7.29 8.22 9.15 10.07 11.01 11.94 12.88 13.82
2 Availability loss -50.00 -46.67 -43.33 -40.00 -36.67 -30.00 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00 33.33 36.67 40.00 4333 46.67 50.00
-2.56 -2.40 -2.23 -2.06 -1.89 -1.55 -1.38 -1.21 -1.04 -0.87 -0.70 -0.52 -0.35 -0.18 0.00 0.18 0.35 0.53 0.71 0.88 1.06 1.24 142 1.60 179 1.97 2.15 233 2.52 2.70
3 Turbine cost -7.69 -7.18 -6.67 -6.15 -5.64 -4.62 -4.10 -3.59 -3.08 -2.56 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 5.13 6.15 7.18 8.21 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-3.35 -3.12 -2.90 -2.68 -2.45 -2.01 -178 -1.56 -1.34 -112 -0.89 -0.67 -0.45 -0.22 0.00 0.45 0.89 134 178 2.23 2.68 3.12 3.57 4.02 4.46 4.91 5.35 5.80 6.25 6.69
4 Substructure cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 Anchor cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 Mooring cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 Offshore substation cost -20.00 -18.67 -17.33 -16.00 -14.67 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.62 -151 -1.41 -1.30 -119 -0.97 -0.87 -0.76 -0.65 -0.54 -0.43 -0.32 -0.22 -0.11 0.00 0.11 0.22 0.32 0.43 0.54 0.65 0.76 0.87 0.97 1.08 119 1.30 141 151 1.62
8 A&Mvessel rental time 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
. -7.00 -6.53 -6.07 -5.60 -5.13 -4.20 -3.73 -3.27 -2.80 -2.33 -1.87 -1.40 -0.93 -0.47 0.00 0.47 0.93 140 187 2.33 2.80 3.27 373 4.20 4.67 5.13 5.60 6.07 6.53 7.00
9 Installation vessel dayrate designer
-0.39 -0.36 -0.33 -0.31 -0.28 -0.23 -0.21 -0.18 -0.15 -0.13 -0.10 -0.08 -0.05 -0.03 0.00 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.21 0.23 0.26 0.28 0.31 0.33 0.36 0.39
-35.00 -32.67 -30.33 -28.00 -25.67 -21.00 -18.67 -16.33 -14.00 -11.67 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00
10 Installation vessel export cable
-0.24 -0.22 -0.21 -0.19 -0.18 -0.14 -0.13 -0.11 -0.10 -0.08 -0.06 -0.05 -0.03 -0.02 0.00 0.03 0.05 0.08 0.11 013 0.16 0.19 0.21 0.24 0.27 0.29 0.32 0.35 0.37 0.40
1 Turbine el. loss -16.67 -15.56 -14.44 -13.33 -12.22 -10.00 -8.89 -7.78 -6.67 -5.56 -4.44 -3.33 -2.22 -111 0.00 111 2.22 3.33 4.44 5.56 6.67 7.78 8.89 10.00 1111 12.22 13.33 14.44 15.56 16.67
-1.04 -0.98 -0.91 -0.84 -0.77 -0.63 -0.56 -0.49 -0.42 -0.35 -0.28 -0.21 -0.14 -0.07 0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.50 0.57 0.64 0.71 0.78 0.85 0.92 1.00 1.07
12 O&M corrective failure rate common -20.00 -18.67 -17.33 -16.00 -14.67 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.49 -0.46 -0.43 -0.39 -0.36 -0.30 -0.26 -0.23 -0.20 -0.16 -0.13 -0.10 -0.07 -0.03 0.00 0.03 0.07 0.10 0.13 0.16 0.20 0.23 0.26 0.30 0.33 0.36 0.39 0.43 0.46 0.49
13 Development costs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 Export cable length -9.59 -8.95 -8.31 -7.67 -7.03 -5.75 -5.11 -4.48 -3.84 -3.20 -2.56 -1.92 -1.28 -0.64 0.00 0.52 1.05 157 2.10 2.62 3.15 3.67 4.20 4.72 5.25 5.77 6.30 6.82 7.35 7.87
-0.38 -0.36 -0.33 -0.30 -0.28 -0.23 -0.20 -0.18 -0.15 -0.13 -0.10 -0.08 -0.05 -0.03 0.00 0.02 0.04 0.06 0.08 0.10 0.13 0.15 0.17 0.19 0.21 0.23 0.25 0.27 0.29 0.31
15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -10.20 -9.07 -7.93 -6.80 -5.67 -4.53 -3.40 -2.27 -113 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-0.49 -0.46 -0.42 -0.39 -0.36 -0.29 -0.26 -0.23 -0.20 -0.16 -0.13 -0.10 -0.07 -0.03 0.00 0.03 0.07 0.10 0.13 0.16 0.20 0.23 0.26 0.29 0.33 0.36 0.39 0.42 0.46 0.49
16 IAC cable length -31.12 -29.05 -26.97 -24.90 -22.82 -18.67 -16.60 -14.52 -12.45 -10.37 -8.30 -6.22 -4.15 -2.07 0.00 0.98 1.96 2.95 3.93 4.91 5.89 6.87 7.86 8.84 9.82 10.80 11.78 12.77 13.75 14.73
-1.34 -1.25 -1.16 -1.07 -0.98 -0.80 -0.71 -0.62 -0.54 -0.45 -0.36 -0.27 -0.18 -0.09 0.00 0.04 0.08 0.13 0.17 0.21 0.25 0.30 0.34 0.38 0.42 0.47 0.51 0.55 0.59 0.63
17 |AC cable cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.10 -1.03 -0.96 -0.88 -0.81 -0.66 -0.59 -0.51 -0.44 -0.37 -0.29 -0.22 -0.15 -0.07 0.00 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.74 0.81 0.88 0.96 1.03 110
19 0&M preventive activities -20.00 -18.67 -17.33 -16.00 -14.67 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.51 -0.47 -0.44 -0.41 -0.37 -0.30 -0.27 -0.24 -0.20 -0.17 -0.14 -0.10 -0.07 -0.03 0.00 0.03 0.07 0.10 0.14 0.17 0.20 0.24 0.27 0.30 0.34 0.37 0.41 0.44 0.47 0.51
N N -20.00 -18.67 -17.33 -16.00 -14.67 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
20 O&M preventive repair cost
-0.35 -0.33 -0.30 -0.28 -0.26 -0.21 -0.19 -0.16 -0.14 -0.12 -0.09 -0.07 -0.05 -0.02 0.00 0.02 0.05 0.07 0.09 0.12 0.14 0.16 0.19 0.21 0.23 0.26 0.28 0.30 0.33 0.35
21 Energy production -5.00 -4.67 -4.33 -4.00 -3.67. -3.00 -2.67 -2.33 -2.00 -167 -133 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 167 2.00 233 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
5.24 4.87 4.51 4.14 3.79 3.08 2.73 2.38 2.03 1.69 134 1.00 0.67 0.33 0.00 -0.33 -0.66 -0.98 -1.31 -1.63 -1.95 -2.27 -2.58 -2.90 -3.21 -3.52 -3.83 -4.13 -4.44 -4.74
2 Life time. -12.00 -11.20 -10.40 -9.60 -8.80 -7.20 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
3.04 1.90 1.90 1.90 1.90 0.89 0.89 0.89 0.90 0.90 0.00 0.00 0.00 0.00 0.00 -0.80 -0.80 -0.80 -0.80 -0.80 -1.52 -1.52 -1.52 -151 -1.51 -2.16 -2.15 -2.15 -2.15 -2.73
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[ Parameter variation (%) |

| No \ Parameter i
| LCOE variation (%) |
1 Discount rate -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -1.33 0.00 1.33 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-13.16 -12.30 -11.44 -10.58 -9.72 -8.85 -7.98 -7.11 -6.23 -5.35 -4.46 -3.58 -2.69 -1.79 -0.90 0.00 0.90 1.81 2.71 3.62 4.54 5.45 6.37 7.29 8.22 9.14 10.07 11.00 11.94 12.87 13.81
2 Availability loss -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -30.00 -26.67 -23.33 -20.00 -16.67 -13.33 -10.00 -6.67 -3.33 0.00 333 6.67 10.00 13.33 16.67 20.00 2333 26.67 30.00 3333 36.67 40.00 43.33 46.67 50.00
-3.09 -2.89 -2.69 -2.49 -2.29 -2.08 -1.88 -1.67 -1.47 -1.26 -1.05 -0.84 -0.63 -0.42 -0.21 0.00 0.21 0.43 0.64 0.86 1.08 129 151 173 1.95 217 2.40 2.62 2.84 3.07 3.30
3 Turbine cost -7.69 -7.18 -6.67 -6.15 -5.64 -5.13 -4.62 -4.10 -3.59 -3.08 -2.56 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 5.13 6.15 7.18 8.21 9.23 10.26 11.28 1231 13.33 14.36 15.38
-2.96 -2.76 -2.56 -2.37 -2.17 -1.97 -1.77 -1.58 -1.38 -118 -0.99 -0.79 -0.59 -0.39 -0.20 0.00 0.39 0.79 118 1.58 1.97 2.37 2.76 3.15 3.55 3.94 4.34 4.73 5.12 5.52 5.91
2 Substructure cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 Anchor cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 Mooring cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000
B Offshore substation cost 2000 | -1867 | -17.33 | -16.00 | -14.67 | -1333 | -12.00 | -10.67 | 933 | 800 | 667 | -533 | -4.00 | -2.67 | -133 | 000 133 267 | 400 533 | 667 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 17.33 | 1867 | 20.00
-1.54 -1.44 -1.34 -1.23 -1.13 -1.03 -0.92 -0.82 -0.72 -0.62 -0.51 -0.41 -0.31 -0.21 -0.10 0.00 0.10 0.21 0.31 0.41 0.51 0.62 0.72 0.82 0.92 1.03 113 1.23 1.34 1.44 1.54
8 A&M vessel rental time 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 Installation vessel dayrate designer -7.00 -6.53 -6.07 -5.60 -5.13 -4.67 -4.20 -3.73 -3.27 -2.80 -2.33 -1.87 -1.40 -0.93 -0.47 0.00 0.47 0.93 1.40 1.87 2.33 2.80 3.27 3.73 4.20 4.67 5.13 5.60 6.07 6.53 7.00
-0.41 -0.38 -0.36 -0.33 -0.30 -0.27 -0.25 -0.22 -0.19 -0.16 -0.14 -0.11 -0.08 -0.05 -0.03 0.00 0.03 0.05 0.08 0.11 0.14 0.16 0.19 0.22 0.25 0.27 0.30 0.33 0.36 0.38 0.41
10 Installation vessel export cable -35.00 -32.67 -30.33 -28.00 -25.67 -23.33 -21.00 -18.67 -16.33 -14.00 -11.67 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00
-0.35 -0.33 -0.31 -0.28 -0.26 -0.24 -0.21 -0.19 -0.17 -0.14 -0.12 -0.09 -0.07 -0.05 -0.02 0.00 0.04 0.08 0.12 0.16 0.20 0.23 0.27 0.31 0.35 0.39 0.43 0.47 0.51 0.55 0.59
1 Turbine el. loss -16.67 -15.56 -14.44 -13.33 -12.22 -11.11 -10.00 -8.89 -7.78 -6.67 -5.56 -4.44 -3.33 -2.22 -111 0.00 111 2.22 3.33 4.44 5.56 6.67 7.78 8.89 10.00 1111 12.22 13.33 14.44 15.56 16.67
-1.05 -0.98 -0.91 -0.84 -0.77 -0.70 -0.63 -0.56 -0.49 -0.42 -0.35 -0.28 -0.21 -0.14 -0.07 0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.50 0.57 0.64 0.71 0.78 0.85 0.93 1.00 1.07
12 0&M corrective failure rate common -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.44 041 | 038 | 035 | 032 | 029 | 026 | -023 | -020 | -017 | -015 | -012 | -009 | -006 | -003 | 000 | 003 006 | 009 | 012 | 015 017 02 | 023 | 02 | 029 | 032 | 035 038 | 041 | o044
3 Development costs 0.00 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000
0.00 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000
12 Export cable length -11.18 -10.43 -9.69 -8.94 -8.20 -7.45 -6.71 -5.96 -5.22 -4.47 -3.73 -2.98 -2.24 -1.49 -0.75 0.00 0.80 1.60 2.40 3.19 3.99 4.79 5.59 6.39 7.19 7.9 8.79 9.58 10.38 11.18 11.98
-0.80 -0.75 -0.70 -0.64 -0.59 -0.54 -0.48 -0.43 -0.38 -0.32 -0.27 -0.22 -0.16 -0.11 -0.05 0.00 0.06 0.12 0.18 0.23 0.29 0.35 0.41 0.47 0.53 0.59 0.65 0.71 0.77 0.83 0.89
15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -11.33 -10.20 -9.07 -7.93 -6.80 -5.67 -4.53 -3.40 -2.27 -113 0.00 1.13 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 11.33 12.47 13.60 14.73 15.87 17.00
-0.79 -0.73 -0.68 -0.63 -0.58 -0.52 -0.47 -0.42 -0.37 -0.31 -0.26 -0.21 -0.16 -0.10 -0.05 0.00 0.05 0.10 0.16 0.21 0.26 0.31 0.37 0.42 0.47 0.52 0.58 0.63 0.68 0.73 0.79
16 IAC cable length -31.41 -29.32 -27.22 -25.13 -23.03 -20.94 -18.85 -16.75 -14.66 -12.56 -10.47 -8.38 -6.28 -4.19 -2.09 0.00 0.78 157 2.35 3.14 3.92 4.71 5.49 6.28 7.06 7.85 8.63 9.42 10.20 10.99 11.77
-1.22 -114 -1.06 -0.98 -0.90 -0.81 -0.73 -0.65 -0.57 -0.49 -0.41 -0.33 -0.24 -0.16 -0.08 0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.28 0.31 0.34 0.37 0.40 0.43 0.46
17 JAC cable cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -6.67 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.76 -0.71 -0.66 -0.61 -0.56 -0.51 -0.46 -0.41 -0.36 -0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.36 0.41 0.46 0.51 0.56 0.61 0.66 0.71 0.76
10 0&M preventive activities 2000 | -1867 | -17.33 | -16.00 | -14.67 | -1333 | -12.00 | -1067 | 933 | 800 | 667 | -533 | -4.00 | -2.67 | -133 | 000 1.33 267 | 400 533 | 667 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 17.33 | 1867 | 20.00
-1.01 094 | 087 | 08 | 074 | 067 | -060 | -054 | 047 | -040 | -034 | 027 | 020 | -013 | -007 | 000 | 007 | 013 02 | 027 | 034 | 040 | 047 | 054 | 060 | 067 | 074 | 080 | 087 094 1.01
2 O&M preventive repair cost 2000 | -1867 | -17.33 | -16.00 | -14.67 | -1333 | -12.00 | -10.67 | 933 | 800 | 667 | -533 | -400 | -2.67 | -133 | 000 133 267 | 400 533 | 667 | 800 | 933 | 1067 | 1200 | 1333 | 1467 | 1600 | 17.33 | 1867 | 20.00
-0.87 -0.81 -0.75 -0.69 -0.64 -0.58 -0.52 -0.46 -0.40 -0.35 -0.29 -0.23 -0.17 -0.12 -0.06 0.00 0.06 0.12 0.17 0.23 0.29 0.35 0.40 0.46 0.52 0.58 0.64 0.69 0.75 0.81 0.87
21 Energy -5.00 -4.67 -4.33 -4.00 -3.67 -3.33 -3.00 -2.67 -2.33 -2.00 -1.67 -1.33 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 1.33 1.67 2.00 2.33 2.67 3.00 3.33 3.67 4.00 4.33 4.67 5.00
5.24 4.87 4.51 4.15 3.79 3.43 3.08 2.73 2.38 2.03 1.69 1.35 1.01 0.67 0.33 0.00 -0.33 -0.66 -0.99 -1.31 -1.63 -1.95 -2.27 -2.59 -2.90 -3.21 -3.52 -3.83 -4.13 -4.44 -4.74
2 Life time -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -7.20 -6.40 -5.60 -4.80 -4.00 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
2.99 1.85 1.86 1.86 1.87 1.87 0.87 0.87 0.87 0.88 0.88 -0.01 -0.01 -0.01 0.00 0.00 -0.80 -0.79 -0.79 -0.79 -0.79 -1.50 -1.49 -1.49 -1.49 -1.49 -2.12 -2.12 -2.12 -2.12 -2.69
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[ Parameter variation (%) I

| LCOE variation (%) |

1 Discount rate -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-12.07 -11.28 -10.50 -9.71 -8.91 -8.12 -7.32 -6.52 -5.71 -4.91 -3.28 -2.47 -1.65 -0.82 0.00 0.83 1.66 2.49 3.32 4.16 5.00 5.85 6.69 7.54 8.39 9.24 10.09 10.95 11.81 12.67
2 Availability loss -50.00 -46.67 -43.33 -40.00 -36.67 -33.33 -30.00 -26.67 -23.33 -20.00 -13.33 -10.00 -6.67 -3.33 0.00 3.33 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00 33.33 36.67 40.00 43.33 46.67 50.00
-4.17 -3.63 -3.36 -3.09 -2.82 -2.54 -2.27 -1.99 -1.71 -1.15 -0.86 -0.58 -0.29 0.00 0.29 0.58 0.88 1.17 1.47 1.77 2.07 2.37 2.68 2.99 3.29 3.60 3.92 4.23 4.55
3 Turbine cost -7.69 -7.18 -6.67 -6.15 -5.64 -5.13 -4.62 -4.10 -3.59 -3.08 -2.05 -1.54 -1.03 -0.51 0.00 1.03 2.05 3.08 4.10 5.13 6.15 7.18 821 9.23 10.26 11.28 12.31 13.33 14.36 15.38
-2.16 -2.01 -1.87 -1.73 -1.58 -1.44 -1.29 -1.15 -1.01 -0.86 -0.58 -0.43 -0.29 -0.14 0.00 0.29 0.58 0.86 1.15 1.44 173 2.01 2.30 2.59 2.88 3.16 3.45 3.74 4.03 4.31
2 Substructure cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 Anchor cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 Mooring cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 Offshore substation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-1.08 -0.94 -0.87 -0.80 -0.72 -0.65 -0.58 -0.51 -0.43 -0.29 -0.22 -0.14 -0.07 0.00 0.07 0.14 0.22 0.29 0.36 0.43 0.51 0.58 0.65 0.72 0.80 0.87 0.94 1.01 1.08
8 A&Mvessel rental time 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
. . -7.00 -6.07 -5.60 -5.13 -4.67 -4.20 -3.73 -3.27 -2.80 -1.87 -1.40 -0.93 -0.47 0.00 0.47 0.93 140 1.87 2.33 2.80 3.27 373 4.20 4.67 5.13 5.60 6.07 6.53 7.00

9 Installation vessel dayrate designer
-0.72 X -0.62 -0.57 -0.53 -0.48 -0.43 -0.38 -0.33 -0.29 -0.19 -0.14 -0.10 -0.05 0.00 0.05 0.10 0.14 0.19 0.24 0.29 0.33 0.38 0.43 0.48 0.53 0.57 0.62 0.67 0.72
. -35.00 -32.67 -30.33 -28.00 -25.67 -23.33 -21.00 -18.67 -16.33 -14.00 -9.33 -7.00 -4.67 -2.33 0.00 3.87 7.73 11.60 15.47 19.33 23.20 27.07 30.93 34.80 38.67 42.53 46.40 50.27 54.13 58.00

10 Installation vessel export cable

-0.80 -0.74 -0.69 -0.64 -0.59 -0.53 -0.48 -0.43 -0.37 -0.32 -0.21 -0.16 -0.11 -0.05 0.00 0.09 0.18 0.26 0.35 0.44 0.53 0.62 0.71 0.79 0.88 0.97 1.06 115 123 1.32
1 Turbine el. loss -16.67 -15.56 -14.44 -13.33 -12.22 -11.11 -10.00 -8.89 -7.78 -6.67 -4.44 -3.33 -2.22 -111 0.00 111 2.22 3.33 4.44 5.56 6.67 7.78 8.89 10.00 11.11 12.22 13.33 14.44 15.56 16.67
-1.16 -1.01 -0.93 -0.86 -0.78 -0.70 -0.62 -0.55 -0.47 -0.31 -0.23 -0.16 -0.08 0.00 0.08 0.16 0.24 0.31 0.39 0.47 0.55 0.63 0.71 0.79 0.87 0.95 1.03 111 119
12 08&M corrective failure rate common -20.00 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 13.33 14.67 16.00 17.33 18.67 20.00
-0.35 -0.30 -0.28 -0.25 -0.23 -0.21 -0.18 -0.16 -0.14 -0.09 -0.07 -0.05 -0.02 0.00 0.02 0.05 0.07 0.09 0.12 0.14 0.16 0.18 0.21 0.23 0.25 0.28 0.30 0.32 0.35
13 Development costs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 Export cable length -3.58 -3.10 -2.86 -2.63 -2.39 -2.15 -1.91 -1.67 -1.43 -0.95 -0.72 -0.48 -0.24 0.00 0.10 0.21 0.31 0.42 0.52 0.63 0.73 0.84 0.94 1.05 115 126 136 147 157
-1.92 -1.67 -1.54 -1.42 -1.29 -1.17 -1.04 -0.91 -0.78 -0.53 -0.40 -0.26 -0.13 0.00 0.06 0.12 0.18 0.23 0.29 0.35 0.41 0.47 0.53 0.59 0.65 0.71 0.77 0.83 0.89
15 Export cable cost -17.00 -15.87 -14.73 -13.60 -12.47 -11.33 -10.20 -9.07 -7.93 -6.80 -4.53 -3.40 -2.27 -113 0.00 113 2.27 3.40 4.53 5.67 6.80 7.93 9.07 10.20 1133 12.47 13.60 14.73 15.87 17.00
-1.93 -1.80 -1.67 -1.55 -1.42 -1.29 -1.16 -1.03 -0.90 -0.77 -0.52 -0.39 -0.26 -0.13 0.00 0.13 0.26 0.39 0.52 0.64 0.77 0.90 1.03 116 1.29 142 1.55 1.67 1.80 1.93
16 IAC cable length -33.92 -31.66 -29.40 -27.14 -24.87 -22.61 -20.35 -18.09 -15.83 -13.57 -9.05 -6.78 -4.52 -2.26 0.00 121 2.41 3.62 4.83 6.04 7.24 845 9.66 10.87 12.07 13.28 14.49 15.70 16.90 1811
-0.88 -0.82 -0.77 -0.71 -0.65 -0.59 -0.53 -0.47 -0.41 -0.35 -0.24 -0.18 -0.12 -0.06 0.00 0.03 0.06 0.09 0.13 0.16 0.19 0.22 0.25 0.28 0.31 0.35 0.38 0.41 0.44 0.47
17 IAC cable cost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 Operation cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-2.04 -1.90 -1.77 -1.63 -1.50 -1.36 -1.22 -1.09 -0.95 -0.82 -0.54 -0.41 -0.27 -0.14 0.00 0.14 0.27 0.41 0.54 0.68 0.82 0.95 1.09 1.22 1.36 1.50 1.63 177 1.90 2.04
19 0&M preventive activities -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-1.25 -1.17 -1.08 -1.00 -0.92 -0.83 -0.75 -0.67 -0.58 -0.50 -0.33 -0.25 -0.17 -0.08 0.00 0.08 0.17 0.25 0.33 0.42 0.50 0.58 0.67 0.75 0.83 0.92 1.00 1.08 117 125
2 0&M preventive repair cost -20.00 -18.67 -17.33 -16.00 -14.67 -13.33 -12.00 -10.67 -9.33 -8.00 -5.33 -4.00 -2.67 -133 0.00 133 2.67 4.00 533 6.67 8.00 9.33 10.67 12.00 1333 14.67 16.00 17.33 18.67 20.00
-1.12 -1.04 -0.97 -0.89 -0.82 -0.74 -0.67 -0.60 -0.52 -0.45 -0.30 -0.22 -0.15 -0.07 0.00 0.07 0.15 0.22 0.30 0.37 0.45 0.52 0.60 0.67 0.74 0.82 0.89 0.97 1.04 112
21 Energy production -5.00 -4.67 -4.33 -4.00 -3.67. -3.33 -3.00 -2.67 -2.33 -2.00 -133 -1.00 -0.67 -0.33 0.00 0.33 0.67 1.00 133 167 2.00 2.33 2.67 3.00 333 3.67 4.00 433 4.67 5.00
5.23 4.87 4.50 4.14 3.78 3.43 3.07 272 2.37 2.03 1.34 1.00 0.67 0.33 0.00 -0.33 -0.66 -0.98 -1.31 -1.63 -1.95 -2.27 -2.58 -2.90 -3.21 -3.52 -3.82 -4.13 -4.43 -4.73
2 Life time -12.00 -11.20 -10.40 -9.60 -8.80 -8.00 -7.20 -6.40 -5.60 -4.80 -3.20 -2.40 -1.60 -0.80 0.00 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 8.80 9.60 10.40 11.20 12.00
2.76 171 172 172 172 173 0.80 0.81 0.81 0.81 -0.01 -0.01 0.00 0.00 0.00 -0.73 -0.73 -0.73 -0.73 -0.72 -1.38 -1.38 -1.38 -1.37 -1.37 -1.96 -1.96 -1.95 -1.95 -2.48
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