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Introduction Objectives

Floating substructures for offshore wind turbines are a promising solution that enable to
harness the abundant wind resources of deep water sites [1]. Floating offshore wind
(FOW) is now reaching a pre-commercial phase where first multi-unit FOW farms are
being constructed in European waters [2]. Recently, WindEurope has announced the 5 X )
large potential of FOW and the ability to reach a LCOE of about 406/MWh to 60€/MWh Increase coTaneX|ty. of the protflem by 'F‘C_I}ij'ng:

by 2030 [3]. However, this is only achievable by significant cost reductions along the All wind ,tu,rb'ne connection poss'l?'l't'e? .

whole supply chain. The cost of the electrical system of offshore wind farms can take up Stochasticity of wind speed and wind direction

to 15 % to 30% of the total investment [4]. For FOW farms the costs might be even higher Acquisition an<':| installation costs of dynamic ;?ower cables
since new technologies and installations procedures are applied. Besides that, A number of d.|fferent power cable cross sections
commercial scale FOW farms will likely include wind turbines with power ratings up to Power losses |.n the cables

10MW or more, which require dynamic power cables with higher voltage levels. Hence, it A comprehensive wake effect model

is desirable to optimize the cable connection layout to obtain the most cost-effective Apply the model to a Iargevflaning offshore wind farm
solution. Study the effect of a quantity discount

Develop a model to solve the problem of optimizing the electrical collection
grid of a floating offshore wind farm
Base the model on particle swarm theory (PSO) and adapt appropriately

Methodology

PSO main function Objective function Objective function Constraints

Cstart ) The objective function for a single particle solution: = The energy leaving a turbine must be

e e W Vessel )
Parameter definition e psel | = = Min (Cacquisition + Cinstatation * Cioss ) supported by a single cable.

Inital particle The acquisition cost takes into account: A maximum of one cable can be placed
population m N N between two turbines.
i(1+ )7 i i
V Copusttion = z Ciac * Line + 2 Coxe * Loxe | * (T G o1 The cr0§5|r1g of power. cables is no.t allqwed.
T T t The building of a ring connection is not
. permitted.

‘ Objective function ‘ Costof power || Costof || cCostor The installation cost is obtained by: The power transmitted by a cable cannot
Min (To costh loss acquiston || instahation Y X i1+ 07 exceed the capacity of the installed cable.
Cinstattation = z Lige + 2 Lexe | * Cuesset * Tinstat ( 7)
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Update particle
position and velocity

The cost of energy loss is calculated by:
v, 360°

N, N, .
Closs = Z Z [(X Ploss;, + z Plossm) Hyys * Hya * T] * Cenergy A comprehensive
Vmin 07 1\ T wake effect model
has been included
considering [5]: g
i

The power loss is computed as following:

NPT » Single wake

2
Poen + Pt
— g
Ploss - 3( = rans) * Rcable * Lcable

» Partial wakes

1
Pgen = E * Pg * Arotor * Cpo"' B) * 1-7ws3 » Multiple wakes

Figure 1: Optimization model algorithm Figure 2: Wake model illustration

Application

Study case Optimized layout results Quantity discount effect
= 500MW floating offshore wind farm 30000 = Discount of 15% on C,

e iac
= DTU 10-MW reference wind turbine = . . = Use of the 2 largest cross
Golfe de Fos offshore location in France e g _’ sections only
Reference water depth is 70m 20000 . b

Collection grid operated at 66kV

Transmission voltage is 220kV
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Figure 3: Wind rose

g
8

Table 3: Power cable data (without discount)

Acquisition cost (M€) 9192 16101

6000 8000 10000 12000 14000 16000  18000)
Distance x (m) s

= Lapout witn 2 cabdarypes = Optimzed layout
Installation cost (M€) 19.71 8.12 27.83

Cost of energy loss 27.38 334 3072
(me€)

x
Figure 5: Optimized layout
I w2
Total cost (M€) 139.01 8055 | 21956 Acquisition | Installation |  Cost of Total | Annual I il
cost cost | energyloss | cost |energyloss
Annual energy loss 17.11 2086.85 | 19199.1 (M€) (M) (M€) (M€) | (GWh) I
Wh)
(Gwh) o o0t 0 G Optimized layout 86.34 18.06 25.15 129.55 15.72
Length of cables (km) 155.73 6420 | 219.93
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Table 1: Cost and power losses of actual layout Figure 4: Actual layout Table 2: Inter-array cable costs and losses of optimized layout Figure 6: Comparison of inter-array costs and losses.
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