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Cost reduction of offshore wind

This project focused on optimizing offshore wind power pl@wWPPyesign,
including both electrical and aerodynamic parameters,

and aims to have most impact on yield and CAPEX

YIELD CAPEX
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Limitations of current design practice

A Manually combining differensourcesof information limits the number of
designs to evaluate

A Mostly only a single objective is optimized at a time

A A-priori assumptions (economic parameters, constraints) influence the desi
-> knowledge of the optimization problem is required

A Difficult to handle discrete and nequantifiable parameters

A Blackbox optimization does not provide insight in the tradéfs
A Only a few examples of how optimization is applied
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Optimization framework
structure and features
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Features

X
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Multi-objective, automated

No a priori economic
assumptions required

Delivers asetof optimal designs

Additional constraints can be
added in decision phase

Economic optimization functior
can be adapted in decision phe

Flexiblew.r.t evaluation tools
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Optimization framework
demonstration of drivers and results

= O W

L7 & -] R SRR

5730__ el i)

5715

Highest AEP | N C1l R
atPCG>HVAG | °° = | |[->HVDC

57 12

| Highest NPy NGHEY | 1 8

80

i i i i i i i
485 490 495 500 505 510 515 5280 485 450 495 500 505 510
x [km] x [km]




Design cases RWE




Design cases RWE: Z ECN
Tromp Binnen

A TrompBinnenOWPP v

Lee ghwater - Turbine emonstration Facility

¢ 295MW, 59 x SMW, fultonverterWTs o mromssmemmmnns
¢ 92kmdistanceto GridEntry Point (GEP)

W

Helmveld

A The purpose:

¢ Determinethe most economic
offshoretransmissiortechnology

) | 2017 Tender
|

Nord-Holland boven N;)ordzeekanaal Potentiele Zoekgebieden
|

¢ Demonstrate grid compliangeain aspects) Finses »mgyindéfc“"' :
¢ unity Power Factor at GEP
¢ dynamic voltage support at GEP i | B
¢ Low Voltage Ride Through @E"““‘m‘“" “amster

2uid-en Noord- Holland on‘vd'ler het Noordzeekaraal Potertiele Zoekgebieden
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Design cases RWE: ZECN
Transmission system cost-benefit

_Onshore substation _ _ _Dfishore substation _ - _Dnshore substation DOffshore substation _ _
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Design cases RWE: Z ECN
Reactive power provision

Q Feedback STATCOM

ver Y Grid Qrer _ .
i ‘EI @ “ @ Constant Grid
~~ STATCOM %@T

T ¥
a single 295MW OWPP at IJmuiden Ver (92km)

J={

Preferred design Two ®lectedreactive power provisiomethods for

220 kV AC InvTot Efarmnet Eloss & fail LTC
Single (M€) (GWh/y) (GWh/y) (€/kWh)
Q Feedback 195.8 1208.9 52 0.0129
STATCOM 254 1224.3 63.5 0.0165
STATCOM & fixed Compensation 224.3 1229.1 60.4 0.0146
ol |
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Design cases RWE: Z ECN
Dynamic voltage support
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Can HVDC meet new grid code requirements
¢ Dynamic response follows droop curveost
¢ Saturation of current at high gain setting

¢ Overshoot of Q at high gain (green line) - Gani00
T : : ; . ain 1/0.07
> Yes, for a relatively small power rating _Gain 1/0.02
~— [ ' : '
SAAS e s 0.9 0.95 1 1.05 1.1
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Design cases RWE: Z ECN
Thermal cable modeling
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® Turbines

o Offshore substations HVAC = HYAC

® Onshore sul?station Offshore Cables  Omshore Cables
= Meteorological mast 132 kW 132 kW

— Array cable connections

— Export cable route

— Onshore cable route
Project area
Turbine area

Onshorse Grid
Transformer

Detail of modelled and measured active power output at node 2,
both normalized to the average cable input nower at nade 1 over this nerind

Measured Output
Average error reduced Now Model Output

/ﬁj 8 from 0.32% to 0.19% === Old Model set at 90C Output
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