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A study on the transmission voltage selection of an AC
export cable system and countermeasures to compensate for
its reactive power for the connection of a 400 MW offshore
wind farm to a power system
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ABSTRACT

With the technological advances of offshore wind turbines, the share of power generated by offshore wind
farms in power systems is increasing significantly. An export cable transmission system is necessary to connect
offshore wind farms to power systems. The voltage rating and reactive power compensation methods of the
export transmission system are very critical, as they can influence the power transmission capacity and CAPEX.
With this in mind, this paper suggests an acceptable transmission voltage and reactive power compensation
method for an export cable system connecting a 400[MW] offshore wind farm to a power system.
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Table 1 Operating offshore wind farms in Korea
(over 10[MW] as of September 2021)

No. Project Operator CSSR;;;Y
1 Jeonbuk-seonam Korea Offshore 60
hae test site Wind Farm
2 Tamna(Jeju) Korea Energy 30
Korea East West
3 Yeonggwang Power 345

Table 2 Capacity of export cables (154[kV], XLPE - 3 cores)

Table 3 Weight of a 345[kV] 200[Mvar] variable shunt reactor
by HYOSUNG Heavy Industries

Weligﬂf gf Weight of oil Total weight
=thR i [Ton] [Ton]
[Tonl
85.4 35.8 138.8

Type Core Continuogs current Capacity
[mir] capacity[A] [MW]
1,000 3 679 163
800 3 660 158
500 3 567 136
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Fig. 1 Schematic diagram of the typical
transmission system connecting from the
offshore wind farm to the substation
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Fig. 4 Maximal transmitted power by transmission distance for
each transmission voltage level
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Table 6 Cable characteristic parameters per voltage[4]

Cable characteristics

Critical
distance
[km]

Voltage
[kV]

Rated
current
[A]

Capacita-
nce

[¢F/km]

Square
(]

132 370 0.23 1,055 1,000

220 281 0.18 1,055 1,000

400 202 0.18 1,323 1,000
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Table 7 Transmission capacity criteria per voltage[9]

Voltage Transmission capacity Ngmber i
.. Lines and
[kV] criteria
Routes
229 0 ~ 20[MW]
20[MW] ~ 500[MW] 2 lines
154
500[MW] ~ 1,000(MW] | 2 lines 2 routes
500[MW] ~ 3,000[MW] 2 lines 1 route
345
3,000(MW] ~ 2 lines 2 routes
765 3,000[MW] ~

Table 8 Continuous current capacity of each cable type per

voltagel?]
Voltage Corbiaons Capacity
[kV] Cable Type cment [MW]
capacity [Al
XLPE 3Cx 580 139
154 500[m]
XLPE
1Cx1200[m] 760 182
XLPE
35 3012000 [ 0
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accordance with the capacitance of cable system and Total 5

the location of shunt reactors[4]
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Table 11 Parameters of the offshore wind farm

Parameter Value
Generated power in offshore wind

farm [MW] 2002
Type XLPE

. . Square [mn] 400

SUb“?j““e Length [km] 36
cabie Capacitance per 01375

distance [¢F/kml] )
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Table 12 Reactive power compensation of the offshore substation in accordance with the generation

Table 12 $] Table 11
AL AT oJg F
dlojgolth, 4 7]7F 100%

SHUUXNE: M13d, M1z, 2022

Generation Q in offshore
MVA tra[nl\?[f\?argler Cable Shunt Reactor [Mvar]
p charging
% Power Power Power Power capacity Power Power
Factor Factor (MW] Factor Factor [Mvar] Factor Factor
0.9) (0.95) 0.9 (0.95) 0.9 0.95)
0% 0 0 0 0 0 -222.11 222.11 222.11
5% 11.11 10.53 10 484 3.30 -222.11 217.27 218.81
10% 22.22 21.05 20 9.68 6.57 -222.11 21243 21554
20% 44.44 42.11 40 19.36 13.16 -222.11 202.75 208.95
30% 66.67 63.16 60 29.07 19.73 -222.11 193.04 202.38
40% 33.89 34.21 30 38.75 26.29 -222.11 183.36 195.82
50% 111.11 105.26 100 48.43 32.86 -222.11 17368 189.25
60% 133.33 126.32 120 5811 39.46 -222.11 164 182.65
70% 155.56 147.37 140 67.82 46.02 -222.11 154.29 176.09
80% 17778 168.42 160 7750 52.59 -222.11 14461 169.52
90% 200.00 189.47 180 87.18 59.15 -222.11 134.93 162.96
100% 222.22 210.53 200 96.86 65.75 -222.11 125.25 156.36
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Fig. 8 Reactive power generated by the capacitance in the
cable transmission system without any reactive power
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Fig. 9 Reactive power generated by the capacitance in the
cable transmission system with a shunt reactor and the
transformer in the offshore substation
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Fig. 12 Single line diagram with the shunt reactor and the
transformer in the offshore substation
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