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ol wet FAge] 53 gy gHul
485 93 &2 9 (GE, VESTAS, SIEMENS )9 12 MW, 15

MW F2d717F 289 5 9lor, AAZ el o4 8

EPEI 12 MW o8 ERlE Slel s Al Sl

&= 9] #k
A gL
EF] - Type—4 (PMSG)?
R MW 8
=9 \% 690
3] H %o M 130
7 dlolH
Cut—in &% m/s 3.0
44 F5 m/s 11.0
Cut—out &% m/s 25.0

2  F ¥’ Main Transformer)

)

W (66kV) & s9sl 4 Ao dAlsy] st 5 wshriol

AANE 1Este] olFsE wEEA ¢ 2 x 50%9 £FS

@ PMSG : Permanent Magnet Synchronous Generator
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A = kV 345 or 220
A= kV 66
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% T A2 % 12
ZH 9] - YnD1

3 GIS (Gas Insulated Switchgear)

GIS+= UF"dol A5 = 66kVa Alo]Ae] mel 220 kV, 345 kV
T AfeFo]l ol o]l ALHUY. A= BRE GISY @EA

FAo] Agrgloy, 5 AHE &= 9 olF 24 (Double Bus),

ok

¢ 2A Ring Bus)el A8 & glom, Ak WA Ed 155w

59 GIS7h 489 % 9k

o

3 3-5 WA 66 kVe GIS A1

SigE 9 s
A AL kV rms 72.5
T ek kV rms 140
AAHF A rms 2500
kA rms 31.5
e R
kA peak 81.9
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220 kVa GIS Al

e w9 3t
A A% kv 245
F3h5 Ut | kVrms 460
AA A5 A rms 4000
kA rms 63
AR
kA peak 164
¥ 3-7 dAHAL 345 kVe GIS A€
B & s
A kV 362
T3 WA kV rms 450
AA A5+ A rms 4000
kA rms 50
G R
kA peak 130
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Helth

i 3-8 siAAClE Al

XLPE Insulated HV Copper Conductor
A} 220 kV 345 kV 250 kV
E}FS] HVAC HVAC HVDC
T 60 60 -
Resistance (Q2/km) 0.02 0.042 0.0154
Inductance (mH/km) 1.33 1.4 -
Capacitance ( « F/km) 0.2 0.13 -
518 A7 (A) 1420 1065 1429
Cable Section (mm?) 1200 630 1200

B Rotor, Bearing, Shaft's2] Mechanical Loss

B Nacelle Y452 ¥9l7], Inverter?] Electrical Loss

5.2 W7 (Transformer)
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5.3 Cable [14]
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A7 o]oj Rt
AvjEe =14 g9 AFgE] FFE, AF FIaFr F5F,

Ao Re o|AAN T} B4 2 ge ek

B =3 £ (Conductor Losses) : Ohm loss, Skin Effect
+7 =2 (Dielectric Losses) : F3570] 23t &4 (HVAC)
B 3% (Sheath Losses) : Sheath eddy current loss, Sheath

circuit loss

5.4 W3 (Converter Station)
HVDC SA%2S& A o Bdsts Ay &4 5 & vlss 2
sl Zlo] Wgl4a £ao|td, HVDC Wgkiola whgsts &4 F7
291 A BASe E4E, AFE HVDCE A%Hor AP
alo] AA E£4o] 0.7%F+o 7 Aoy, ety HVDCE IGBTY 1%

£94e B® WP o]Fo|AEE olmrk: = AAY £

AWM E  W3EAS A9 AN DAsE EA4Y BT T
ehs AEEAR ol Ae gibdor A &4 nlE] 93
&4 wlgol Eoh x7]e] AREEW 2-Level ¥ HVDCel=
1x2I AZHE SlEl oF 2 kHze FI+E PWMHA d94d HVDCE
Ag38tel7] wiel AMEIS] WEEAFo] 3.8%° ZITh o]F 3-
LevelZIHEIZ} Jidks]o] 1 kHzoll 7M7he 29013 T35 4 &3}

1ZIE DAhSEa £ B3 1.7% 72 B pe=g

b4

Z el MMC71HFY 9] Aets HVDC7F At o] we Fudz dhe A

Fl

© MMC (Modular Multilevel Converter) : 25& He#¥ Az 252
EAY e 293 &4Z PWM 714k Atd HVDCE A 5
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19 3—1 ETAP &A% wx md= Au] 4 (345kV <A)

KEPCO Grid
3000 MAse

362KV Onshore Substytion 100

s

3434V Export Cable

4
362KV GIS 1R
345 kv
0.406 % Vd
Main TR-1 Main TR-2
300 MVA Shunt Reactor-1 shunt Reactor-2 300 MVA
45166 kY B0 MVA B0 MVA 3566 kY

EEE

I S | T

7% 3—-2ETAP &4 Wid4a nda LA (345kV oA])
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[eam 100 Toen L)
Sec. 66 2622 L3 e ——
MW Ganeation Nevar Limay Nosmad Cpannng Vokige —
Q oy Wint Spesd B oma Contrafier umin vemax ther 65
O Uzar-Defined w0 e Fowsr Ratng et - heix.
= =
MR Mva
Ratea 300 300
s O Dented 1A
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NEH
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A 372 HVAC £34 g AlE# oA

1 HVAC 4 29

63719} s As Rd¥S ETAPS %3] A3y o 7+eF3]
=243 3 g-e ol ¥ 3-33 Zrh zZF oeakEy ddv|7ke)
A4 1 km2 AAsom P sgud i SwEd A

60, 90, 120, 150 km=z AAste] 2z} AlolA¥ AyE

)
o
rir

T =35lo EI
&5
TOGRID
345/220KV GIS Substation
T T

300MVA 300MVA

66/345KkV or 66/345KV or

66/220kV 66/220KV

66kV GIS SubstationBUS—A (7 X ' 86kV GIS SubstationBUS-B

EMERGENCY

GENERATOR
400V _AUE.
SWGR

WINDFARM WINDFARM WINDFARM WINDFARM
GROUP-1 GROUP-2 GROUP-3 GROUP-4
120MW 128MW 126MW 120MW
(8MW % 16) (8MW x 16) : : (8MW x 16) (8MW % 15)

9 3-6 AT EEH A E (HVAC)

rj\_Q

¥ 3-9 HVAC 4 mds =2 A

gy #k
T 60Hz
1ALZ 504 MW (x 371 W= %)
Ry 220 kV, 345kV
H 7] 300 MVA, 66/345 kV
Alol& Aol 60, 90, 120, 150 km

Hbd 7] ko] AR AlE2 2 FHEN Egol= Holo 6~7uE A%

- 31 - S =g kg



AT ETH 9 HVAC s A Ao wbAE 4= Q1= Ay &40
ge 35w FAe ofdsl 2ril
Wind Pow Sendl Transmissi Receivi Transmissi
Generator Transformer e Tramstormer || Grid
1% 3—7 HVAC Transmission Framework
Pioss ¢ = GengroupP — Prg, (4)
P loss,MTR = P MTRb — P MTR,a (5)

Ploss,AC Cable — PTransmission,S - PTransmission,R ( 6 )

P loss,RTR = P RTRb — P RTR,a (7)

Total Power Loss = Ploss,G + Ploss,MTR + Ploss,AC Cable + Ploss,RTR

(8)

Pioss% = (P1oss / Y.GengroupsP) x 100% (9)

E

— GengroupP : 3 ¥ @A 15 E 2 [MW]
— Prrp ¢ Group' Final WTG TR = ¥ [MW]
— Plossg o WA IEE &4 [MW]

— Plossmtr ¢ T HYT7] =4 [MW]

PmTRp T

— Putra: THI7ALS =9 [MW]

- 32 - S =g kg



Prrra t TAS (7)) HYV] AYS 9 [MW]
ploss,AC Cable * %ﬁﬂ]olg ‘1}1\“@ [MW]
PTransmission,S : Eﬂ;ﬂ—/ﬁ %\—Zﬂé %gjﬂ [MW]

l)Transmission,R .

P]oss% : ﬁjﬂ %j‘—iﬂ! 'é‘:/é% [%]

3 AEdHIA 25

9 2d" HolHE 7|Fo®E 7 AolAE ETAP AEHCIAHAS
ek 7 FEEr) e At @l 690 VoA, o] 5 ¥y
HA oM 66 kVE 43 F daudsz 49, ojgxow 7}
dEEddr] g AAEE A9S 128 MW(167] 719 v
120 MW (157] 7] el S8 o wd7] 3 dg &2 st

deole= % 3-29F Zow, 2zt 7516 = 16709 7Dz oF

1%° =45 Hehda Sl
% 3-10 FHETAEH &4 W EA4S (3 7] Group)
4§ (MW)
Bus 5 No. vk 7] =48
A4 Simulated &2
1 WTG1-01 8 MW 7.96 MW 0.04 MW 0.5%

2 WTG1-02 16 MW 15.92 MW 0.09 MW 0.5%

3 WTG1-03 24 MW 23.86 MW 0.14 MW 0.6%
Bus— Group—1

A (16 WTGs)

4 WTG1-04 32 MW 31.79 MW 0.21 MW 0.7%

5 WTG1-05 40 MW 39.70 MW 0.30 MW 0.7%

6 WTG1-06 48 MW 47.62 MW 0.38 MW 0.8%

® A (Nacelle) : £8 d7]|2 FAsHE F89 shuz, 2HA 9o 34d
g5 A7) duAZ |gA7)7] s il A E5E 25 X

- 33 - S =g kg



7 WTG1-07 56 MW 55.53 MW 0.48 MW 0.8%

8 WTG1-08 64 MW 63.44 MW 0.56 MW 0.9%

9 WTG1-09 72 MW 71.36 MW 0.64 MW 0.9%

10 | WTG1-10 80 MW 79.27 MW 0.73 MW 0.9%

11 | WIG1-11 88 MW 87.20 MW 0.80 MW 0.9%

12 | WIG1—-12 96 MW 95.07 MW 0.93 MW 1.0%

13 | WIG1-13 104 MW 101.93 MW | 2.07 MW 1.0%

14 | WIG1-14 112 MW 110.79 MW | 1.22 MW 1.1%

15 | WTG1-15 120 MW 118.66 MW | 1.34 MW 1.1%

16 | WIG1-16 128 MW 126.55 MW | 1.45 MW 1.1%

Algdloldel gheld 74 SEEY] 159 &S

=

e

grato] Case—
1, Case—29W = WAsl= A4 £4 £48 &2 g2 W7 olg Eo

vetdsiow, 4 Ade] wet b= s 9F AlolEel tid

EAE Fag & 9t
<Case — 1>
3E 3-11220kV @ afdwids &48%F 4 E48
I
£ (MW)
No Bus S1g 2] A
A =9 | A5
Group—1 128 MW 126.57 MW | 1.43MW | 1.1%
1 Bus—A Group—2 128 MW 126.57 MW | 1.43MW | 1.1%
Main TR-1 253.0 MW | 252.40 MW | 0.60 MW | 0.2%
Group—3 128 MW 126.57 MW | 1.43MW | 1.1%
2 Bus—B Group—4 120 MW 118.71 MW | 1.30 MW | 1.1%
Main TR—2 2451 MW | 24458 MW | 0.56 MW | 0.2%
60 km N/A 497.0 MW | 489.58 MW | 7.39 MW | 1.5%
3 Export
: Cable & ;
90 km N/A 497.0 MW | 486.31 MW | 10.67 MW | 2.1%

~ 34 - S A AT

o



O“%gore 120 km N/A 497.0 MW | 482.65 MW | 14.33 MW | 2.9%
150 km N/A 497.0 MW | 478.08 MW | 18.91 MW | 3.8%
¥ 3-12 220 kV s AL AgE AA Ay &4
ElR R R

“ e &% (MW) 71]21_%

3443 %9 &4 A& TEE

1 60km 504 MW | 489.58 MW | 14.42 MW 2.9% 52%

2 90km 504 MW | 486.31 MW | 17.69 MW 3.5% 61%

3 120km 504 MW | 482.65 MW | 21.35 MW 4.2% 68%

4 150km 504 MW | 478.08 MW | 25.92 MW 5.1% 74%

<Case — 2>
# 3-13345kV @ sfidwidL SAEHE W =4S
15
£ (MW)
No Bus Cigy 2] A E]
4 == =4 A4S
Group—1 128 MW 12657 MW | 1.43MW | 1.1%
1 | Bus—A Group—2 128 MW 12657 MW | 1.43MW | 1.1%
Main TR-1 253.0 MW | 252.40 MW | 0.60 MW | 0.2%
Group—3 128 MW 12657 MW | 1.43MW | 1.1%
2 | Bus-B Group—4 120 MW 11871 MW | 1.30 MW | 1.1%
Main TR—2 2451 MW | 24458 MW | 0.56 MW | 0.2%
60 km | 110 MVAR | 497.0 MW | 491.77 MW | 5.22 MW | 1.0%
90 km | 160 MVAR | 497.0 MW | 489.19 MW | 7.79 MW | 1.6%
5 | B

120 km | 250 MVAR | 497.0 MW | 486.49 MW | 10.49 MW | 2.1%
150 km | 320 MVAR | 497.0 MW | 483.81 MW | 13.17 MW | 2.6%

S gk

o

]

I

n’



¥ 3-14 345 kV S| AL AR AA Ay &4
A A &

£F (MW) Aol

No 72 =28
374 =9 &4 &g e

1 60 km 504 MW 491.77 MW 12.23 MW 2.4% 43%
2 90 km 504 MW 489.19 MW 14.81 MW 2.9% 53%
3 120 km 504 MW 486.49 MW 17.51 MW 3.5% 61%
4 150 km 504 MW 483.81 MW 20.19 MW 4.0% 66%

AolBelq wAsE Ay &4 HAAL] elAFrE A}
ol A42 AA, A N Aol et WA A% 43~T4%BE
el A g Ao A Be ge AXe

Anpdow ¢ AFelold e Angtel el Case—1, Case—29
QA AFEL DA A S EAE 77} ofdlet 2k,

¥ 3-15 HVAC AA s H AL (3EA) AgE &4 %

Mz 7o) 48 &4 [MW] - & 1,512MW
[km] 220kV (Case—1) 345kV (Case—2)
60 43.27 MW 36.70 MW
90 53.08 MW 44.43 MW
120 64.05 MW 52.52 MW
150 7777 MW 60.56 MW
_ 36 - 1 **1]| 1 T



&4 [MW]

90
80
70
60
50
40
30

T

64.05

53.08

-
_e==="50.56
-,_——”’w52

=== 4443

36.7

60km 90km 120km 150km
712 [KM]

43.27

— Case—1(220kV) =e=e Case—2(345kV)

1% 3-8 HVAC s a4 Agd Ag &4 g9 =

- 37 - e’,i&:f
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A 472 HVDC $£34 2d A|EFo|A

3dA AP 504 MWa Y s dA]e HVDCHEAE

F7het ETAP RlE s =438 o 92 ol ¥ 4-13 #oh 4

8 HRVIZE AL FwdeA 1 km® AAsIoH,

)
A2 A SARAL7AA o A B3 FdsHA 60, 90, 120, 150

TO GRID

CONVERTER

66kV GIS Substation BUS—A ( x |/ 66kV GIS Substation BUS—B
EMERGENCY | |
( ( GENERATOR @ i i
400V AUX.
{ I/ SWeR (
I I
WINDFARM WINDFARM I/ ( WINDFARM WINDFARM
GROUP-1 GROUP-2 GROUP-3 GROUP—4
120MW 12BMW LoAD LGAD 128MW 120MW
(MW x 16) (8MW x 16) (BMW x 16) (8MW x 15)

# 3-16 HVDC 4 Edd Fa A4
ok = #k
T3 DC
A& 504MW (x 37 WA %)
RSy 250kVDC
Alol& Aol 60, 90, 120, 150 km
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AAEDA B HVDC S Aseld AT  gls A &
$ F= W 542 obesh 2r16][17]
e M H o W M e Hosmes H e

1% 3—10 HVDC Transmission Framework

Ploss,G = Gengroupp - PTR,b

P loss,CS = P cSbh— P CS.a

(10)

(11)

Ploss,DC Cable — PTransmission,S - PTransmission,R ( 12 )

P loss,RTR = P RTRb — P RTR,a

(13)

Total Power Loss = Piyssc + Plosscs + Plosspccapte  ( 14)

Pioss% = (Pposs / YGengroupsP) x 100%

GengroupP : 3 T4 15 =5 [MW]
Prgrp : Group's Final WTG TR & & [MW]
Ploss,G * FTHEA] 25E &4 [MW]

l)loss,CS : ‘Eﬂ%’ﬁ\_ 'é—:éc] [MW]

(15)



™, F% &l wet 500

HVAC =22 dog s}

alL
T

o

°©

A 2]

2 ETAP A Edo]

pTransmission,S :
l)Transmission,R :

o

Al 23

ATl x AL¥ 250 kVDC

3
71

=3}
RR=1

7}

A gol

14
Mo

AO

\

kVDCeo]

220 kV GISH

o)
=~

A 21E 1. Converter W72

Eis

TC

-

sl

A 2] ¥ 31 Converter W7

345 kV GIS
o

A=)

~
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Group—3 128 MW 12657 MW | 1.43MW | 1.1%
2 Bus—B
Group—4 120 MW 11871 MW | 1.30 MW | 1.1%
60 km 4981 MW | 49450 MW | 3.57 MW | 0.7%
90 km 4981 MW | 49270 MW | 537 MW | 1.1%
3 Export
Cable 120 km 498.1 MW | 490.34 MW | 7.72 MW | 1.6%
150 km 4981 MW | 489.14 MW | 8.92MW | 1.8%
4 Converter Station 498.1 MW | 493.08 MW | 4.98 MW | 1.0%
¥ 3-18 250kV DC &7 da A AA Ay &4
S 4
£ (W) s
No 72 ESPARS
A8 &9 =4 £ S
1 60km 504 MW | 489.51 MW | 14.49 MW 2.9% 25%
2 90km 504 MW | 487.71 MW | 16.29 MW 3.2% 33%
3 120km 504 MW | 485.36 MW | 18.64 MW 3.7% 429%
4 150km 504 MW | 484.16 MW | 19.84 MW 3.9% 16%

HVDC FHolAE Aolgola B8t A8 &4 dA &4%9

25~46%= HVAC oiv] w2 & yehdla o, Fr7tz2 st

A0 A njFo] HlwA A e

AyA o7 Case—39 250kV HVDC $319 247 A8 &4 ¥ 3-—

19 9 9 3-6° z7 Agd=E yehdiglen, AEdeld 43
e

HVAC 43 ol 7012 1 &4e gastgon HVDC wa
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¥ 3-19 HVDC A aAHAL(3EA) Add &4 5

M =270 48 &4 [MW] - & 1,512MW
[km] 250kVDC
60 43.46 MW
90 48.86 MW
120 55.92 MW
150 59.52 MW
90
80
= 70 -
S 55.92 09.52
= 60 o e 48.86 —_—
40
30
60km 90km 120km 150km
Al [KM]

= Case—3(250kV DC)

7% 3-11 HVDC s A A Agd Ay &4 g9

I
=
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Ab5HE A ALEE A3 24 9 v

A ow d (A, &%, A=) elA= Case—2(345 kVAC) 7t
AYEA SHoA M s S4E Bilov, ARyt HoldaE
HVDC (250 kV) &8l ztoli= ol om, 53] 150 kmE Hol7k=
ARAFE AgEdge] dAdHE S AT Ul AR

A Aol qlste] e WRF T Aol moln] Ui Ao®

sRlElon, ol WeA E4Ho] AAes HlFo] A W= e

teb 3 9.
b, HVDCS 220 kVAC $3& wlwshel, mas e Azens

P

AYEAgel 2 AolE mold @u YAW, ALYt HolAF=
Aol Sl Mol e #qAT S gk ol
HVDCH §9 2% Az o wAY o 2 §3, 5 492 483
A% AY A Aol 2 o5 mA F Av: Y

o7t

3 3-20 AA sFHAL Aol B A &4 FF
A &4 [MW] - F 1,512MW

AdE2 4ol

[km] Case—1 Case—2 Case—3

(220 kVAC) (345 kVAC) (250 kVDC)

60 km 43.27 36.7 43.46
90 km 53.08 44.43 48.86
120 km 64.05 52.52 55.92
150 km 77.77 60.56 59.52
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Case—2
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2  GIS (Gas Insulated Switchgear)

F71A) 2

<t

Merlsh v

7} Aol A A E#H oA Ao

Z YER oL 220 kV,

°k 89% FFO.

L —
T

I A¥ 66kVGIS FAARF

g

345 kV GIS9

GIS

L
T

]

o

al

2 Ut AR @A) AN A ga

O~ =Z
o

30%0°] 3}t

LFERSL T

Case—3

16.70

16.66

N/A

N/A

&=
T —

2,232

2,162

N/A

N/A

Case—2

9.47

9.31

N/A

3.20

&=

2,230

2,160

N/A

923

Case—1

8.23

8.20

2.66

N/A

&=
T —

\mmo

2,233

2,163

1,319

N/A

e
alo

31.5

31.5

63.0

50.0

&=
T —

2,500

2,500

4,000

4,000

GIS

66kV GIS

BUS-A
66kV GIS

BUS-B
220kV GIS

345kV GIS
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Flskith. ol WAyl f& 2 AlEdelddME FA

doEls  mael A& WA A/F Ry sAE
APFERe FA T doEe] §FS 44 L AFSAT AAHE
dole] g Auel weh detam AUzt Woldss FAAF

MR | e g 2t

mtﬂ

Mg stolo} st

% 3-23 AgE Iy & U H WE (Case—2)

Ak (%)

Al Zoe g _ —

EEIE 45 5
100 MVAR

60 km (2 x 50 MVAR) 104.8% 100.1%
160MVAR

90 km (2 x 80 MVAR) 107.8% 100.4%
250MVAR

120 km (2 x 125 MVAR) 110.6% 100.0%
320MVAR

150 km (2 x 160 MVAR) 125.8% 100.0%

4 Cable

4.1 Inter—Array Cable
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AEy AHAGEA] e FHwEr] H& AAdS=  Inter—Array

i,

Cable (66 kV)ol whsl] Ag® Afoj=e] & HFHde HAESIAH.

g A7) 7Fe] Inter—Array Cable 9242 siAAE &=

a7

=28 ER U 9% Ring Main Unite Fd 7} €S
7 ddsER 7} Lined §3F2 §5 ddAHo Sle
ol wke} Aol & Ato]=7F A E

ofell 3% 3-243 #o] FF &= AAtstaL AolE9 & AFA

o

¥ 3—24 Inter—Array Cable A% Size 4 £ &

A A
O I e e AN N 474 Aol 2
W) [A]
1 WTG1-01 8 MW 70.4 A 95 300 A OK 1 Lines x 3C x 95
2 WTG1-02 16 MW 139.8 A 95 300 A OK 1 Lines x 3C x 95
3 WTG1-03 24 MW 209.3 A 95 300 A OK 1 Lines x 3C x 95
4 WTG1-04 32 MW 278.7 A 120 340 A OK 1 Lines x 3C x 120
5 WTG1-05 40 MW 348.2 A 185 420 A OK 1 Lines x 3C x 185
6 WTG1-06 48 MW 417.8 A 240 480 A OK 1 Lines x 3C x 240
7 WTG1-07 56 MW 487.4 A 400 590 A OK 1 Lines x 3C x 400
8 WTG1-08 64 MW 557.1 A 500 655 A OK 1 Lines x 3C x 500
9 WTG1-09 72 MW 626.8 A 630 715 A OK 1 Lines x 3C x 630
10 WTG1-10 80 MW 695.5 A 1000 825 A OK 1 Lines x 3C x 1000
11 WTG1-11 88 MW 766.2 A 500 940 A OK 3 Lines x 1C x 500
12 WTG1—-12 96 MW 836.1 A 500 940 A OK 3 Lines x 1C x 500
13 WTG1-13 104 MW 906.0 A 630 1050 A OK 3 Lines x 1C x 630
14 WTG1—-14 112 MW 975.9 A 800 1160 A OK 3 Lines x 1C x 800
15 WTG1-15 120 MW 1046.0 A 1000 1265 A OK 3 Lines x 1C x 1000
16 WTG1-16 128 MW 1116.0 A 1000 1265 A OK 3 Lines x 1C x 1000

e % xSt

o

].
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4.2 Export Cable

rpA o w Y WA e SAARALRE ddEE 9F AolEe
! Bl

¥ 3-25 Export Cable A4 Size W &% HAE

#j e e
No Alo] 2~ 253k ( ?) A5k ol AR AolE
(A) i (A)
1 Case—1 1319 A 1200 1420 A OK 3 Lines x 1C x 1200
2 Case—2 1061 A 630 1065 A OK 3 Lines x 1C x 630
3 Case—3 1225 A 1200 1429 A OK 1 Lines x 2C x 1200
AU R B 9N AolE Abe]= AW W AP HE] AsH

Aol E dlolE+= ¥ 3-269 #ov, HAA= XLPE, =4+ &

4 gahgint.

3% 3—26 Submarine Cable Data

q4 Resistance
qor Ao o= (Q) Reactance | Inductance | Capacitance Y
s = v AC DC () (mH/km) («H/km) (Siemens)
(A) 2 2
90 25
1x500 940 0.051 0.12818 0.34 0.14 5.28E-05
1x630 1050 |0.042 0.12441 0.33 0.16 6.03E—-05
1x800 1160 0.03 0.12064 0.32 0.17 6.41E-05
66kV 1x1000 | 1265 0.02 0.11687 0.31 0.19 7.16E—-05
3x95 300 0.247 0.16588 0.44 0.44 0.000166
3x120 340 0.196 0.16211 0.43 0.43 0.000162
3x185 420 0.128 0.1508 0.4 0.4 0.000151

— 49 - , ,H KL 1_'.]'| 'e:ﬂr
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3x240 480  ]0.0982 0.14326 0.38 0.38 0.000143
3x400 590 ]0.0634 0.13195 0.35 0.35 0.000132
3x500 655 |0.0467 0.12818 0.34 0.34 0.000128
3x630 715 | 0.036 0.12441 0.33 0.33 0.000124
3x1000 | 825 0.02 0.11687 0.31 0.31 0.000117
zongv 1x1200 | 1420 | 0.02 | 0.015 | 0.5014 1.33 0.2 7.54E-05
[3425(1;\/ 1x630 | 1065 | 0.042 | 0.028 | 0.52779 1.4 0.13 4.9E-05
250kV | . .. .
be 2x1200 | 1429 0.018
[
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et wEs aegen, I 9 AolaEE AZ Hgo] FEbA A
S

e

gabAl ootk webdl, okl WAL Eakehe] AEE wEe A7)
AAN D AREE e Zo] ohUm, MlaE 1§ Aol Wed
delwt masel 9tk 7 AlolAw dd WMAs FA ug uele

obelo} et

=
[e)
e | @ A @ | 53| oo | v
T 14
66/220 kV
1%0L7 ’
T 200 MVA EA | 6 52
245 kV, 4000 A,
Case—1 | GIS 63 1A Bay | 9 16 456
H3la | N/A Lot | O 0
66/345 kV
1%0L7 ’
T 300 MV A EA | 6 69
362 kV, 4000 A,
Case—2 | GIS 50 KA Bay | 15 24 774
H3la | N/A Lot | O 0
THL7] | N/A EA| O 0
Case—3 | GIS N/A Bay | O 0 3,600
W34 504 MW, Bipolar Lot | 3 1200

AAH AL 7] B2 0L 504 MW A HAAS x37] 1.5 GW 73
(7% 4 7]e} An] A9)
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Case—1 (220 kVAQC) : 45699 ¢
Case—2 (345 kVAQC) : 77499 ¢
Case—3 (250 kVDC) : 3,60021 ¢

S ARl o] A WA g FAHEL Case—37F 73]
7}e] HVDC W§A7F F71de] waf

WAehs Azl dafolty WSyl Bl GISe i or i VIRt

=ity
rlo
P
|o
g
L
i
Ny
|o
£
o,
rir
=

2 A AolE & B FA FAHE

53 v FANEES 7+ AolAw AgE AolLol Aeke] wE
WhE A gatel Ao BB F 0 E2 AEFUON, F/hE FYFHA
HAY 5 oot FAARY hE TEAY R4S 8 g v
H§2 PHbAE AR met 27 AEshel obdle 2ol A gakgich

 m—

.
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i 4-2 A Aols FA vl

a | BH XhoF il | @7 | ug
T | [km] X FA T (9 km] | (919
60 km | 180 2.556
90 |220kV, km | 270 3,834
Case—1 3 Lines x 1C x 14.2
120 | 19200mm® km | 360 5,112
150 km | 450 6,390
60 km | 180 2.016
90 | 349KV, km | 270 3,024
Case—2 3 Lines x 1C x 11.2
120 | 630mm? km | 360 4,032
150 km | 450 5,040
60 km | 180 1.512
90 | 2°0kVDC, km | 270 2,268
Case—3 2 Lines x 1C x 3.4
120 | {200mm? km | 360 3,024
150 km | 450 3,780
¥ 4-3 Fady BRAFA (] NE) v]E - 345kVAC
=L 80]-% A)ok t}o >~k 1:/—}7]' % H]’g‘
TE | [km] X FA T )| (a9
60 | 50kVAR EA | 6 17 102
90 | 80OKVAR EA | 6 25 150
Case—2
120 | 125kVAR EA | 6 39 234
150 | 160kVAR EA | 6 50 300
AAe] BAHE AAEGRA] SHA FolE w§ w=F A

Hl & Ak Ao R gxm, Qg o] sAAol &2 FAF v &
Case—3%1 HVDC7} 7Fg w2 Aoz iyt AolEo H&
A 4, =4 A7) W AAge os H9H=

HVAC Aol & din|ste] & 57F 2o (334 —> 234) =A4 (7))

flo

flo

t], HVDC #Alol&

1o



ool AL W ollglt AAA(XLPE) &3 7+Aax P2z HVDC Ao]E 9

T3k uF FHE AgFRow Aol =& Case—2 (345
kVAC) & AlolEo]l AAA7E T4z sHARE, A== At Apol=
Ak TA] Aoz AR AlE ®Whe o WZlow gl
AN, FEAY BAS A Y FrtR i FdE AlE 4
BAPEA vl glolA & AfolE Helxl ki Sl

TR, AL 345 kV AolES =l AolE AbellA] obx Ffuto]
A Foln, A TR AE AL HAHo] glo] WF &9 JAZYH
Faforsti= dEolet v ol AHEe vluwE oy Aok dA
U Aol Eitel A= sigo] o]zl st N ¢k W AFE-shel=

AlZro]l A™ Ao w o ibE

3 z7] Av] Tz 8§ A

91 Aypel el mel 271 FA] @A of Eeob o] yERd

=9t} Aubzrl o & 1A e Aok Case—1°] %7] Au] Fxpu) 7+

7B Aa, Aoy g2 Hxdttiets ofd HVDC ¥ghas] u]go]

!

A ST By Case—39 =7] FApI7E b S Zlo
vrebsteh. skAIRE, ol 9l Adwe wisp o] HVDC WMol 7]
Mute] whe w1 HAp PaskE FAola, Ayt 9 Eold A

AA F24 vlgolA sfAdAelEe]l A s wlgo] Fobxlel uwhet
Case—3 (HVDC)Y H]go] Auroz udolxlu A7l Fo]ti=

o shelf).

N
i
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¥ 4—4 Ao~ %7] AH] A} v &

T A 4]
A — WAL GFERE 8 AUdE A9, Aols
Case—1 Case—2 Case—3
60 km 3,012 2,892 5,112
90 km 4,290 3,948 5,868
120 km 5,568 5,040 6,624
150 km 6,846 6,114 7,380

4 Y &4 ¥|$

9 7] FA gl FUrE Ay Ede mE AU|HA 9 vg

BA R A% BEL 98 334 AolaEE ndye i dne

o
1
i
i
2
k=)
i
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ofo
2
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o
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gL
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>
Ol
V=)
X
¥
dls
K=
&
2
)

8760M%FS  Agstel A £ MET AEFgen, Frjz
APFLeA Q71 3090l A BAT F A NG WHES
e FAE 5%S A, DAL AEse] 3097 AT 4o

st v &S AR R $Hikste] A &85kt

56— - 1 *1]| 11?



Closs = Ploss X T X CFXCad] ( 16)
— Closs : AZFEA B S [H]
— Ploss %iﬁa 'é\”/\a]%/l‘[kw]
— T: A7 AIZE 8,760 [h]
— CF:45[%] (2H] o] &%)
— Caqj : 96.2 [91/kWh] (19~22.7€ 81°% 2 A FAF @71 H 1 3h

¥ 4-5 AYE, AlojA~E Az A &4 vE
Ag &4 68 [9K/4]
Case Case—1 Case—2 Case—3
(220 kV) (345 kV) (250 kV DC)
60 km 164 139 165
90 km 201 168 185
120 km 243 199 212
150 km 295 230 226
9 AtEE A Ag &4 HEE 309 =9 A e F £
AA 712 7o 7 A& ol % 4-69F )

o A 7Hx| AHE4

(P/A,i,n) = [%] (17)
— P: @A 7HA[S €]
— A: A &A1Y Y]
— i FAE(1AE) [%] (%A L)
— n:EA7E] (30d 48



X 4-6 dAMA F AY =4 v &
Ay &4 vg [99] -3049 =4, &AF& 5%
Case Case—1 Case—2 Case—3
(220kV) (345kV) (250kV DO)

60 km 2,622 2,139 2,533

90 km 3,094 2,590 2,848

120 km 3,734 3,062 3,260

150 km 4,534 3,530 3,470
30zt Sy A d T dAsteE dey &4 oid v &
Al R oA &lst npel o] zH<eto] =& 345 kVolA 71 A7
Gekor, Azl doldes was & dg wFol st
HVDC A%3 HVACAFS &4 Azl ot RS ddT &
Sitt.
F7LE, A AFESE 7] FAF b8 A Ay EA v & st
EaH/&E4 v dF S EEE Y oo} ot

HHF 555 9A] (Case—1, 120km)
243 243 243 243 243 243
v
4,920
BEL oA
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HIE(
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o
L 6,000
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= 9,000
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& FA/EA P18 - 60 km

Case-1 Case-2 Case-3

% % A/E4 HE - 90 km

Case-1 Case-2 Case-3

% FAH/EA vE - 120 km

Case-1 Case-2 Case-3
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% 4-8 FT 27 FA 9 &4 0§
T FA/E4 68 [94]
7] — s, Ao, &4
[km] Case—1 Case—2 Case—3
60 5,534 5,031 7,645
90 7,384 6,413 8,716
120 9,302 8,102 9,884
150 11,380 9,394 10,850
HEAox 7t Aolad, AgHe| wet s WA 9 A Aol Eel
FAE = 2718183 3093 9 Al Ak Ay & s
HES @A AR S @S E 4-80) byl
S 1] ; —3
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Abstract

A Study on Offshore Substation
Design for Large—Scale Offshore
Wind Farm and Power Grid
Connection

Sanghoon Lee
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

In this study, design for an offshore substation and grid connection
method of a large—scale offshore wind farm, which is being promoted
as a part of the recently emerging renewable energy expansion, was
presented.

In this regard, cases of grid connection of domestic and foreign
large—scale wind farms were analyzed, and loss analysis was
performed for HVAC and HVDC depending on capacity and voltage.
With those result for loss analysis and initial capital investment, the
economic feasibility was analyzed. Based on this, we were able to
secure the data on the substation FEED design for the offshore wind
farm to be promoted in the future by presenting the specifications for
the design of the offshore wind farm and substation, and suggest the
direction of basic design of the substation, which is a key facility in
the offshore wind farm.

As an objective of research subject, the necessary data is collected
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by using the basic model of one of several offshore wind farms to be
installed on the Korea east coast, and modeling and simulation of the
actual offshore wind farm design using the ETAP (Electrical
Transient Analyzer Program). By comparing and analyzing the
results, the complex composition applicable to the floating offshore
wind farm to be installed in the east coast in the future and the grid
connection model of the offshore substation were configured.

In addition, in recent years, in order to utilize a generator with high
power generation capacity through abundant wind, floating offshore
wind farms are generally installed far from the land. This can be
achieved by applying the voltage of a traditional high AC voltage
(HVAC) transmission system or using a high—voltage DC current
(HVDC) transmission, and it was required to be analyzed by
economic feasibility. Therefore, in this study, the basis for optimal
configuration was prepared through economic analysis according to
case and economic analysis was conducted.

In case of HVDC, a voltage—type (VSC) model that is easy to control
and has large restrictions on the installation area due to the
characteristics of substations installed at offshore is applied. And by
performing simulation modeling, it was found that the cable loss in
the HVAC model is dominant, and the conversion station loss in the
HVDC model significantly contributed.

As a result, the more economical way of power transmission method

was researched by analyzing the investment and power loss cost.

Keywords : Offshore Substation, HVDC, HVAC, ETAP, Power Loss,
Economic Analysis
Student Number : 2021-20418
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