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Preliminary Economic Analysis of 20 MW Super-Capacity
Wind Turbine Generator in the East Sea of Korea
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ABSTRACT

Renewable energy is emerging as a way for the government to carry out its 2030 carbon-neutral policy.
In this regard, the demand for wind turbine generators for renewable energy is increasing. As a result of
restrictions due to civil complaints, offshore wind power generators are actively being developed. At this
time, offshore wind power generation has higher maintenance costs, material costs, and installation costs
compared to onshore wind power generation. So, an economic evaluation that calculates imports and costs is
an important task. The levelized cost of energy (LCOE) is an economic evaluation index used in the energy
field. In this paper, based on AEP calculated by windpro, the LCOE calculated by the wind power cost
estimation model published in the NREL Economic Analysis Report, installing one 15 MW unit and
installing one 20 MW unit and seven units were reviewed and analyzed. As a result, AEP was calculated
as 0.140($/Kwh) for the installation of a single 15 MW, 0.142($/Kwh) for the installation of a single 20
MW, and 0.119 ($/Kwh) for the installation of a 20 MW farm. Therefore, it was confirmed that the
installation of the single 20 MW was more economical than the installation of the single 15 MW and the
installation of the 20 MW farm was most economical.
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Atk

roop = LCRXICA |4 op ($/KWh)

AEP, .,
AEP, = Net annual energy production (MWh/yr)
LCOE = Levelized cost of energy ($/KWh)

FCR = Fixed charge rate (1/yr)
ICC = Initial capital cost ($)
AOE = Annual operating expenses

BLC+ (0 &M+ LRC) $
AEP, ®)

net

BLC = Bottom lease cost (3$)

O&M = Levelized O&M cost ($)
LRC = Levelized replacement cost ($)
2.2 WINDPRO && Saoll 7IA™ AEP AHE
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Table 1 E=0lof w2 HRETO o] AT t}. o] ®de] It (Turbulence Intensity)® th&3F 2
: & Ay 22 Jdi)
Predicted height | Mean Speed | Energy Density

[m] [m/s] [W/m?] -

10 727 4137 1= ﬁﬂﬁ 2)
174 (15MW) 832 6087 [ rl ]

1.5+0.8——

208 (20MW) 842 6318 VG
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U XY 20 MWE ZHET SHUMAIA- AN dHM 24
A GRE FF ¥ dRdA dAsia 74 Table 3 15 MW Design variable definition
Ak ot T WA (o= AwH.
Design Parameters Values
Rated 15 [MW.
9w = é @"tan*l L + 100 (3) 4 power [ ]
7T =z . TIEC 61400-1 Edition
d Design type class 4 Wind class II B
Design life 30 [years]
AEP HEs Sl AR 20 MW 15 MW 9% Direction of rotation Clockwise
AX= X 29 39 AL oo wE 15 MW} No. of blade 3
71 ZF 3
20 MWel AEP @, Wake Loss = Capacity Rotor diameter [m] 260 [m]
Factor #t-2 4ol A3ttt AEP+ E3448 1 - -
_ = . . Hub diameter [m 6 [m
k4] v dEALt F7 A (Pg,)elth Capacity
- . Hub height 160
Factor 7144& Thg 7144 (el ol8) AEEen ub height fm] il
o] o]=A ¢l gtolt}. [11,12,13] Cut-in, Cut-out [m/s] 3725 [m/s]
Rated power 105 [m/s]
. -~ AnnualEnergy Production wind Speednvs] ’
Cacity Factor = = B p - (4)
Nmber of Turbines x Power x 24 X 365 Rated rotational Speed 78 [rpm]
Maxi Target C 049
Table 2 20 MW Design variable definition T Jaree +b
Design Parameters Values Table. 4 AEP, Wake Loss, Capacity Factor
AEP Wake Capacity
Rated power 20 [MW] Rated Power (MWh/y) Loss (%) Factor
. IEC 61400-1 Edition =
Design type class . 15 MW
4 Wind class II B (Single) 73,586.6 0 56
Design life 30 [years]
. ; B 2(?. Mw 116,305.7 0 66.38
Direction of rotation Clockwise (Single)
No. of blade 3
- 20 Mw 773,822.9 34 63.1
Rotor diameter [m] 297 [m] (Seven)
Hub diameter [m] 7 [m]
Hub height [m] 194 [m] A BE&S Fe vgolth A4 FFolu 5§ FrR
Cut-in, Cut-out [m/s] 3~ 25 [m/s] T 14 FFEEE T dEE AXsta Frks]
Rated power 105 [vs] ol o vjgolle 23R gow XFeE F
wind Speed[m/s] ’ ik Alale] B3E W8 0F Rotor, Drive train,
Rated rotational speed 7.07 [rpm] nacelle, Control, safety system, and condition
Maximum Target Cp 043 monitoring, Tower, Balance of station®] ¢}

&, 7|ef theket 2 W8S FEshe o 8%
Z7] AL wjge 29 A7k godoith A4 A=
z4, 4 75, #A 2 AR FAE, @A
v, &5A0 AR 8BS 239t A Ve B
de] A9 Azk 1158 %= AAF

z7] AHE HE(ICC)2 Bl Aj2=gl H]&3 2Ho]
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2.3 SHUTAAH FHRA Hbt

LCOEE 437l 98l NREL, Wind Turbine
Design Cost and Scaling Model[1]o| A FA3 3
dAl2E v gAE AS g8egen ol FIl

. g2

- ShHEf - HA S

TCC (Turbine Capital Cost), Bos (Bottom lease
Cost), O&M and Lease®] W-&& At&st7] fe ALt
4o v & 5ol Aee

Table 5 Formula for 20 MW wind turbine components

Components Cost formulas ($)
Rotor Blades Baseline [(04019 = R” - 955.24) + 27445 R™>] / (1-0.28)
Advanced [(0.4019 x R® - 21051) + 27445 R™] / (1-0.28)

Hub

Hub mass x 4.25
= (0954 x single blade mass + 5680.3) x 4.25
where single blade mass = 01452 x R** for BL
Single blade mass = 0494 x R*® for Advanced

Pitch mechanisms & bearings

2.28 x (0.2106 x D*™®)

Spinner, Nose cone

Nose cone mass x 557
= (185 x D - 5205) x 557

Drive train, Nacelle Low speed shaft

0.01 x D™

2 x Bearing Mass x 17.6

Bearings =2 x (D x §/600 - 0.33) x 0.0092 x D
Three Stage 1645  Machine Rating'?
Drive ) e
Gearbox Single-Stage 74.1 x Machine Rating™
Multi-Path 15.26 x Machine Rating™”
Direct Drive 0

Mechanical brake, HS coupling, etc

1.9894 x Machine Rating - 0.1141

Three-Stage
Drive

65 x Machine Rating

Generator Single-Stage

54.73 x Machine Rating

Multi-Path

48.03 x Machine Rating

Direct Drive

219.33 x Machine Rating

Variable speed electronics

79 x Machine Rating

Yaw drive & bearings

2 x (0.0339 x D"

Three-Stage
Drive

9489 x D' + 0.125 x (2.233 x D'*) x 87

Main frame Single-Stage

303.96 x D™ + 0125 x (1.295 x D) x 87

Multi-Path

1792 x D7 + 0125 x (1.721 x D™ x 87

Direct Drive

627.28 x D' + 0125 x (1.228 x D'™) x 87

Electrical connections

40 x Machine Rating

Hydraulic, cooling system

12 x Machine Rating

Nacelle Cover

11.375 x Machine Rating + 3849.7

Control, Safety system, Condition monitoring

35,000

Tower

Tower mass X Material cost

Offshore Support Structure

300 x machine rating

Offshore Transportation

machine rating x cost factor above

Port and staging equipment

20 x machine rating

Offshore Turbine Installation

100 x machine rating

Bottom Lease Cost h
Site Assessment

Offshore Permits, Engineering, and

37 x machine rating

Personnel Access Equipment

$60,000 /turbine (regardless of turbine rating)

Scour Protection

55 x machine rating

Offshore Warranty Premium

15.0% of turbine and tower cost

Offshore Levelized Replacement Cost

17 x Machine Rating

Offshore Bottom Lease Cost

0.00108 x AEP

O&M and Lease
Offshore O&M

Output (Gwh/y) =
365x24xTotal Namplate Capacity (MW)/1000) x capacity
Factor (%)
O&M Cost_= Qutput x_0.02x100000
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3.2 15 MW 3a{eH7| 17| &X| Al LCOE AHlat

NREL ZAEA wiure] wel AtE® LCOE:
0.140 (¥/Kwh)Z A\zt=| it olw) LCOES] 4 84
59l TCC (Turbine capital cost), BOS(Balance of
station cost), O&M and Leasei= ZL¥3° =A]&F3th
AAret kel w]&-& NREL 2019 Cost of Wind
Energy Review[2]9] Floating Offshore Reference
Project using 6.1MW Turbines®] H|&AH% A
TCC QF 20 %, BOS ¢F 40 %, O&M °F 30 %<} vl
S w Zb g Hl&o] & dAdte= AHE g

At
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3.3 20 MW S=&H7| 17| AX| Al LCOE HlAt
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0142 ($/Kwh)Z A= ALt ol LCOEY T84
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