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Optimization Method for Centralized Transmission of Offshore
Wind Power from Multiple Wind Farms

LIU Sheng
( China Energy Engineering Group Guangdong Electric Power Design Institute Co., Ltd., Guangzhou 510663, Guangdong, China )

Abstract: [Objective] The traditional research object of offshore wind power transmission is the point-to-point onshore transmission of
electricity from a single wind farm, which has limitations, and the economic evaluation method used only considers initial investment,
which is not systematic and scientific enough. In response to the current application scenarios of offshore wind power integrated develo-
pment, this article proposes a method for optimizing the centralized transmission mode of multiple wind farms, guiding the determination
of the optimal transmission scheme. [Method] Technically, according to the working principle, offshore wind power transmission
includes three types: AC, DC, and AC DC hybrid, each with its own characteristics and scope of application. In terms of economy, in
addition to initial investment, consideration should also be given to the losses, maintenance, shutdown losses, and costs incurred during
the operation of the equipment over its service life, as well as the costs incurred during sea area leasing. Symmetric monopole systems
and symmetrical bipolar systems should adopt different calculation methods based on system characteristics. [Result] This article
provides six centralized transmission solutions for typical cases, covering all mainstream technical solutions for current AC and DC
transmission. Select the optimal delivery plan by comparing the technical and economic aspects of different plans. [Conclusion] China's
offshore wind power is currently moving from small-scale demonstration applications to large-scale integrated development. The optimal
method for centralized transmission of offshore wind power from multiple wind farms proposed in this article is deeply in line with the

market demand for large-scale centralized transmission of offshore wind power in the future, and has high guiding value.
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Fig. 1 AC transmission technology for offshore wind power
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Fifi l“}ﬁ%(}lulu

32 ik )

wind power

H A, 221 B R B9 T A R
+250 kV. £320 kV. +400 kV F1+500 kV,
1.3 ZHRBEEHEAR

R E IR A R BARE HT RE 2 KNI K
P, N 3 R, R 2 A KL S AT G O 00
5330 S AZ Y% Y, I A B L TERG
a3 AT T AR, B IS HE A L Y
Fﬁ?LTﬁ%mu&I

A FEAE] 5 s 2%
R e T S

PSP QD LD it
N%+++++%@@Q@Wﬁm% -ﬁ}JA:>
(ST ey/L TR ]

ISP |

E3 BEXREXERBAEHEA
Fig. 3 Hybrid AC and DC transmission technology

for offshore wind power


https: //creativecommons.org/licenses/by-nc/4.0/
https: //creativecommons.org/licenses/by-nc/4.0/

102 R RETR A I

LERVE

2 BERBEHBRARESH

T b IXURE 3% 0 B AR M DR 38 A 98 R
FEARAQ B B 7] FEPE . JCDAMERC B X H 5
TS AT AR
21 FEAREHE

2 ik B ARALE R A AR A R YR 1T
2200, Horr 220 kV L SF AR I B XU HL 32 33 4
BB 2847 KA AN T, 500 KV HL R S5 20 7E BRI 7
M— . i BRI E O N

FEME ELIR A R RIFEAE Rl A BRI 5 &R
G 4T85, Hor+320 kV B R AE E SME TR
L B 3% S K p N . 3R EIAE 2021 47 2
BT VLU0 AR I b JRUHE Sk L e TR, R
ARG F+400 KV, 258K 1.1 GW, $THE T FE 4ME AR 28
Wi o 7F 2 B BHYT R U TR XU R 22 1 i i
TA"H LH AR, BESYCNE500 kV, AR
2 GW, St AL 1 258 4 e R A X R B 2 LR R 4
Tt 2026 4FJEIFM
22 FHARBIFMGE

AEXF AE % AR, ZE bk Tk B R AR S A
- b 35 7 1 b G 3% O Rk IR B R
LR, AE RKIBLAE T & B s A
A= B ARBH M
2.3 IBEITRIEM

HAmk PG F % RGBT il FEE e 2 2
] [ ki b X BRI H, RS RGN AT
SRV T SR TR I, FE bR A s T A it
50 n 46 7 FRI B 3 N TU A A 1 L OB L AR A 4
AR RS SR S, TR R
98.5% LA M. AEEFXHE XU 2% H BOARR S O, AR
FRATE I EAR, R E R B, B TEHHE
RGN R RE 2 A1, T 2 0 2 TR 4 B A R 1
S, [a] I B A XU R AR A 6 ok
BT R A B A TR S 7 AT SEMETEAG .

24 TINMERE

ik R, B TSR ST L D R A AE, 7
Bt B T AMEL R 4%, TR X 4 A R G AFAE T TR .
FMEE IR ER, T H A S BRIEH, ATt
T T3 S P, O e B IC D AME R o

25 TEMEI

JRHL 3 22 ARG, JRARE 122, A3 R XU
Ko M XU SR I 3E itk 7 U, XUER 3 A )
2 it L PR P A LS5 i {5 R RT3 e i ) R ek
kg

F Mk B 6 R G i B 2O M, BEAS B
R o 25 DR B 37 R 3 ) 58 9 L IO A 5 ) A
M), i) s R FH 7 44 U 25 424 T L2 7 7 4% 1l 8 97 45 114
Ty, S R 3 R s b 58 3 v AR (I 3 25 TE 1)
P, L AR
26 HiE@AER

TEH A R 2 GO0, Ze Pk B 2% e it 45
it thag ik th g g b, fR A AN 4R
2R (T AR, TR LA 25 5 o
27 REBHAIE

SRR AL HRT 1~ 2 GW XU 3% R T 2k B
Tk T2 R TR YRR R
TS, X AR XU 2 AT e 1 A A I 34 Ll Ay oK
A KRS . BAT, EAMNC A R
XU FL I 7 AT P 1 TS S 1
2.8 RXHRBIFNEBEEE

H AT 2 2R 35 kV /N XML, 2 16 £ %
FH 66 kV K78 KML. IR 26 S AR 1 A
FIAZ Ak AR . SEif B RTEAEE) N H 8 MW
R LL ERES 7 66 kV XML, T = DR E R B0
JRUHIL R4 i 28 5 (A5 B e A0 1 i o B 45 T A 7
P, AT LA 25 XU 37 RN L 6 300 3 22 8] 114 22 ) T TR
U, KRR 6 H T AR A A

DR N W N RS N S5 R v N
VEIT B 245 AR, BAR TR ARIE RS 41 ik
25 R B R R B, Gl B LR e e TR

3 EBEXREHEEWEBEFITENTE

et b XA R B 2 B PEAN O 1207 e A0 39
Be5E, RGAMERBLAPEA L o 78 4 BTHGH AT AN
T BRI REE ST, A RS TR i
PN EE . SRR 2500, B TR
BE, AN RSB AR BRIV AR | dEd | 5His it
RN G B A T R b A i 2R
3.1 BEMERMA

RS HEA A BRI A &, N5 IR



513

XA i b XU 22 R A g T R BE T i 103

HEAFFE/ NI I RN L AT 1S B AR AR 2 .
32 EEHMERA

LA A5E E B 5 AR R 7 $5RE R 40 7 1 5 E
FRYE 5 25 AR RS BT FE S &, 2R 5 eSS
AT 5 FE /N B B0 I HL A S AT A5 3 3 A% 10 RE
.
33 EEENER

WA A 2 SR 5 AT O, TR IE C iz
TG RO 28053
34 wEEEEH

T Aok VAR 24 i ) PV T RR AR R 6% 2 HH .
T 24 %) P T AR Ry v 48 % ph K < T S 8 . T4
JH st P vl 2 B 2% A T BT H BT A
35 EIEmAHEH

R GG O HE M B RS s | R A RS
s TR A A5=32 , XF BRI LU 3R 0 RORT FR AR
B RG s IR TR ITEANE, T4 .

D) XFR AR R S8

FHT 53010 B 54 454 00 2 RN 5 il 457 1 P
% R 35 T S /IS B 5P A1 349 T S5 sk S5 800 /)N
N pA € =R EEI N

BEXF TR R A 4532 155 0, TR A& 7T L& HERE
N3 Kt B 28 e /N B IS ] B, AFSF- 34 1) 32 GZ I []
By geite.

(D IFEE Y pfia

VAR Y BRI A AR 2 P A L R
M; = XL/100+n,Xr/100+n; X L/100) X P, X T Xk

(1)

A

M —— A A a2k 2 (O0);

n, [ BB (100/km ), B 0.03 (2% [
K HL M2 514 CIGRE S5 ) ;

n, LR FE R EL(100/4S), BL 0.007(Z % [
PRk HL M ZE 5145 CIGRE Stit 448 );

n; HPEREL RS FI L (100/km), H 0.0705
(2% EHPrK N ZE 5125 CIGRE Stit4diE);

T, T AR AEERT () ;

L — A K E (km);

r T 48 i Bt (4>

P—— T3 (kW)

k ——HM (JT/KWh) .

(2) DLk ifasiz

WRAEGETT, B BA B ] IR 98.5% i, Bk
2 1% W R AE SN, A 0.5% molc =2, L
AT B B im0 A e SR A,

A RIS IR 2 TR T

SE LB AR RSB 10 R B T N M, SR i)
K T, I3 Py, ARk, DU 45 45
18 PR A AR ) B O

M,=P,xT,xk (2)
=K
M, WAL= R 3 T (D)
P, —AEF- R I AR (kW)

T, —— S EAEAERT K (), B 44 h(24E /NP B
0.5%);

k ——HA (JT/kWh) .

(3)EFIH R Bz

e sl T A A B W )t 25 3 R Gifs iz . 1K
IS AR T TN T

A SO R R A s 45105 2 oA M., TR & s
KA T, B30 Py, Rk, W3Rl 4G 48 3
[ 2R 78 it P A R 2 R

M; =Py xT;xk (3)
X
M, TR B AF i 10k 28 (D0
P; AT (kW)
T; FHKAE R (h);
X PR R GRS AR 2 IO R g T2 F
2) XEFRBU R 48

XERRBUN 7 S8 0 LR R G s i Rt 5 05k S
X AR B AT BT AN [R], i PR 24 i A 5 i 7
TRz i, FL 2R 40 T DAY e 22 5l 4 ) (ol
LR s A7 77, P R s — R BUE AR Ik e,
PRI 25 X3 H 7 — 2P0 7 i LA IR A 10 5k
(1, RA 0 R AUE A i, Z AR
A ek,

I TR 1 A RS | A R A5 AR
K {5tz 7 B R G s ik o

(1) g dit ifsis

Bt R B B A E 1 O, SE 0 AL SR T K
H Il — A R B T IAO A R R A i

GRS A CS N NEE S A9 E R e N CIE-Q DS



104 R RETR A I

LERVE

(2) B Ak e fstiz

VLA BB A1z AR [ R PR AR R 4

e iR i AR SR A R A(2)

()it ki EiEia

X RIS B 5B 1 00, TR AE W] LL 2 HE e
IS 5 Ty R e /N I ] B, 35 % 3/ T — 2L
E AR, WIANTFAEAR R o

XFRRRUN R G ia 2k 9% O ik 2% FH=Z A0
36 Z&£wREHEMA

A A 2% R 255 7 A B B A B 5 il
AR a7 i A v = A 1 28 i, a3 A 2
MAFE S, TR AR

ro(1+ry)"
€=z (1J(rr0)"—)1}
J—:tl:':‘:
C —ITHEEFRHOL);
7 — TREAHEEOL);
u TREAFIEATIR, o AR 4Ed | (s P
RS (O6) 5
7o FL 7 Tl 4% %% IR
Tk 23 AR (2) .

2 i R 0 2% T B D 9 O 8 o 22 0% BB
I

4 BERBEZRZEREHAFXMLETE

XELL 31 GW I E X I E Pk RN E
1, 25 HH—Fh e B ot i U ik o

S, AR 3 AR H Bk AR

TEAEI BN H, 52 5500 kV E i
T A e KA 2% 25 (— M 2.3 GW) BRI, Tevkfnik
S0 34 1 GW KL I 1 25 6, 5 Bk ok B 7 e
() XU 3 0 ST 36 o

S, A A AR R B R Rl i KU
Y, BOE R 1. X RHL 1 i#F47220kV ., 330kV,
500 kV. 250 kV, £320 kV, £400 kV F1+500 kV I
T 7 Fha O AR 28 5 bk, 15 8 A%
T, B NACTE 220 kV 2E 4

5 =20, BT AR Tk O I H R &
B, G &,

JrgEE 1 WL 2 UKL Y 3 2R HI=500 KV X FK
PR ELRAE Tk e, KU 1 sk, Akl 4 B

J5 % 2: K37 2 TR 3% 3 R FH+500 kV X FR
XU Bk i, K3 1 a2k . FE SR 1 R
filh 1, XUL37 2 FUXGEL 3% 3 BCH£500 KV SRR BURL B
TR, WE S fis .

%8 3: 3 WL 40 FI 2 1.75 GW 1 1.25 GW
2 AHTG, H90 1(1.75 GW) R FH£400 kV X FR LR B
Tk i, BT 2(1.25 GW) SR FH£320 kV X FR R B
Tk, nE 6 Fis .

ZHAMRE400 KV B2 F Kk A (— 8k
1.75 GW) B, 7T LK 3 A 74T 8IS, 40 51K
1.75 GW 1 1.25 GW 2 0T, H56 1 19 1.75 GW 3k
FH+400 kV XFFR AR BE H, B0 2 19 1.25 GW SR
HI£320 KV XHR SR B % H o

P A4 e
il cocpcianar i %ﬁ%ﬁ i S
. rad e
. W72 /ﬂ\ /ﬂ\/ﬂ\ /ﬂ\ /f\ I /ST RIS
- _—
JIXLGZ{’K% éﬁ\ /F* /?\ * W gk BLIE S 4@ B
+ 444+
%Eﬂﬁﬁ,ﬂ_ 4@
7
S P
4+ 444+

4 SHhEHAE1

Fig. 4 Scheme 1 of centralized transmission from wind farms
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