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Abstract: Compared with the VSC-HVDC scheme, the DR-
HVDC diode rectifier at the sending end has the advantages
such as lower power loss, smaller converter size, and low cost,
which are important for the development of offshore wind
power transmission in the future. However, to solve black
startup and offshore AC voltage regulation problems, the
existing DR-HVDC topologies mainly adopt three schemes,
such as installing the energy storage on the offshore platform,
adding additional AC connecting links to the onshore system,
and paralleling VSC at the sending end. For the background of
deep-sea offshore wind power transmission, this paper makes
an economic analysis on the three DR-HVDC topology schemes
and compares them with VSC-HVDC. The economic analysis
models of the above delivery schemes are established through
the life cycle cost analysis (LCCA) method. Furthermore, the
influences of related factors are analyzed, including offshore
distance, installed capacity, on-grid price, and effective working
hours. The results show that DR-HVDC can significantly reduce
the converter station cost, operation loss cost, and maintenance
cost compared with VSC-HVDC. Meanwhile, with the increase
of offshore wind power capacity and transmission distance,
paralleling VSC or energy storage schemes of DR-HVDC show
more edges in the economy. Therefore, DR-HVDC topologies
have a broad application prospect for offshore wind power
integration.
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Fig. 1 Topologies of multiple types of offshore wind power DC
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Table I Comparison of converter loss
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Table 2 Maintenance cost parameters
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T L ds

DR 24 1.2 24 1.5
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W AR R 15 0.5 30 0.8
F AR AR 7 0.2 30 0.8
TR 10 0.03 45 0.8
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3.1 BHLEHILCCHR

AL IR 140 kmy ZEHLA 900 MW
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Table A1 Offshore wind farm DC transmission system parameters

SHHER FEl HE2 HE3I HF4
/MW 900 300
i EVSC .
s R 240 107
r— TR
TR/ UF 15000 6420
¥ DR ZEE /MW 900 900 900
Bl S
B g miypu 005 005 005
/MW 900 900 900 900
i AR S
j— AN
SEVSC TR 240 240 240 240
TAREHELZS/WF 15000 15000 15000 15 000
e A /MW 90
L
420 300
/Mvar

RA2 BRI TRIARIEHARE

Table A2 Substation construction cost coefficient

FERKEY a b c d
AR L 0.439 0.004 0.002 3 0.7513
S 2.195 0.009 7 0.007 2 1
VEY] 0.80 0.005 3 0.007 2 1
TTE3 0.80 0.005 3 0.007 2 1
DR 0.80 0.005 3
E 0.007 2 1
VSC  2.195 0.009 7
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Table A3  Cable price and number of circuits

FRZiRA BEEEEL /km BIEV, /kV 42 /mm’ EHMFEL/MW  BEREBEYHNEL (FIT km')
0~150 132 630 187.0 266.5
RS LA 150~200 132 800 203.0 309.3
200~250 132 1000 217.0 3345
B 0~250 +320 1200 1791.0 365.7

R AL BEERFEEFSH T AS HESH

Table A4 Economic parameters of energy storage system Table AS  Cable parameters

BiEREAIERE  2PlRRRE . .45 57 E F& FaFR, BAC REHER

Eg st (LFP) (VRB) BRRE V,/kV  /mm’ /(mQkm') /mFkm') I,/A

K,/ (G kW™ 3224 3720 1500 132 630 26.2 209 995
K./ (5T -(kWh) ™) 1085 1085 4100 2 LA 132 800 21.5 217 1080
132 1000 182 238 1154

HEWHESE  £320 1200 22.4 1791
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