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Offshore wind in 2016
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Wind farms
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) Em“i':? i Offshore turbine size
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) Em“-i.':?.-m 66 kV systems for offshore wind farms

7MW
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} conductor cable

Source: DNV GL, 66 kV Systems for Offshore Wind Farms , Report 2015



“‘Borssele offshore wind farm (1,400 MW) [...]. A comparison between the two design options showed
that approximately one third of cable length (135 km), worth 50 million euro can be saved when

switching to 66 kV inner-array cables.”

"CAPEX reduction of up to 15% can be achieved when using a 66-kV-inter array solution compared to

a 33-kV usual basic design a 350 MW wind farm using radial layout”

Source: DNV GL, 66 kV Systems for Offshore Wind Farms , Report 2015
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Offshore substations

Hornsea Project One
3 substations

36m x 23m x 20m
2.800 tonnes

Current status
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Source: ABB
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Comparison AC and DC

Cost for transmission of energy

Cost [€]

i 50-100 km for cables
i 600-800 km for lines

Distance [km]

Tennet

Connect Offshore Wind | 12 September 2013 | 12




AC or DC transmission?

The worlds largest
offshore wind farm
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AC or DC transmission?
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HVDC Connected offshore wind in Germany

Wind farm cluster
BorWin

Projected wind farms*

Wind farm cluster
SylWin

Projected wind farms*

HVDC Light (ABB):

® Butendiek

@ DanTysk
® Sandbank

800 MW, £320 kV

HVDC Plus (Siemens): s

DolWin

Projected wind farms*

@ Borkum Riffgrund 1
9 OO MW i 3 2 O kV @ Borkum Riffgrund 2
! ® Gode Wind 1
® Gode Wind 2
® MEG Offshore |

VSC HVDC (GE):
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Germany

900 MW, £320 kV

Netherlands B e
@ HVDC platform
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connection (Jan 2014)

Source: Siemens



VSC vs Diode rectifier

Current status New concept
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Source: Siemens



Overplanting

Concept:

Capacity optimization

Utilization of transmission capacity W( W +W<

Requires curtailment of power

Transmission
capacity limit

Power output [MW]

0 2 4 6 8 10 12 14 16 18 20 22 24
Source: Christoph Wolter et al., Overplanting in offshore wind power plants in different Wind speed [m/s]

regulatory regimes



Overplanting

Teond. Max, [degroesC)

Teonductor (Thermal registivity « 0,7K.m/W) Teonductor (Thermal resistivity = 0.5K.m/W)

Dynamic line rating
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Source: TenneT, Position paper, Overplanting, 2016



Concluding remarks

Bigger

Higher

Smaller (or) Larger
(more) Efficient

Flexible operation
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