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ABSTRACT

This paper aims to perform optimal operation and maintenance with an integrated monitoring system for
offshore wind platforms. Based on the wind direction and wind speed data of existing wind farms, a monitoring
system was established along with weather and weather data to maximize the operational efficiency of wind
farms. Compared to wind power on land, offshore wind power is difficult to maintain due to weather, logistics
and geographical limitations. Therefore, economic analysis of actual operation and maintenance is essential for
large-scale offshore wind farms. In this paper, the availability of offshore wind farms was analyzed by using
personnel resources, parts inventory, Crew Transfer Vessel (CTV) and Specialized service Operation Vessel
(SOV) etc. before the actual operation and maintenance of wind farms. A comparative analysis was conducted
to determine the optimum operating efficiency and economical maintenance costs.
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Fig. 1 New and renewable energy generation forecast by
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Table 2 Wind turbine components and failure rates

Division Failure rate Division Failure rate
Tower 0.144 Gearbox 0.179
Rotor _
blades 0.174 Generator 0.15
Yaw
Rotor hub 0.138 0.013
system
RoFor 001 Pitch 0013
bearings system
Main shaft 0.043 Power 0.068
converter
Main frame 0.011 Transformer 0.14
Main 0.012 Brake 0013
housing system
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Fig. 2 Operation of major VM functions
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Fig. 3 Configuration of the final operation server system

Table 1 Marine environmental conditions

Marine environmental conditions
Division Max wind | Max wave Xri?ittl;s:l
speed (m/s) | height (m) indicator
No work
(port > 12 > 48 vear bad
stand-by)
Movement <12 <48 bad
Sea freight <12 <48 bad
fastening
Substructure .
< < 3.
installation 1 35 medium
Tower
installation <65 <25 good
Nacelle
installation <65 <25 good
Rotorcraft very
installation <90 <2 food
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Fig. 4 Maintenance types of offshore wind power platforms
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Fig. 6 Expenditures due to headcount increase

Table 3 [100 MW] Change in total losses due to change in

personnel
N hange in
. Total losses Cost ‘C
Division (K€) (¢ €/kWh) Total loseese

(k€)

6 508,235 9.69 9918

8 518,153 991

10 527,137 10.13 2’3254

12 535,203 10.31 -

5 553578 1069 18376

CTv 3 v 2 vl

mi2

n
o

53! 521 501
2

527 518 458

m 10

Fig. 7 Cost according to personnel and CTV

Table 4 [100 MW] Cost change according to personnel
and CTV change

. Total losses change in Total

Division k€) loseese

(k€)

Per 3 535,203 1695
son| 12| CIV | 2 518,248

o 1 501,818 16430

Per 3 527,137 8924
son| 10| CIV | 2 518213

o 1 497578 065
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k€2 AU 7HER1e] 1784 w, CTV o
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Fig. 8 Expenditures due to headcount increase
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Table 5 [400 MW] Change in total losses due to change in

personnel
Division Total losses Cost Tg}tflnieselgse
(k€) (¢ €/kWh)

(k€)
15 1,068,644 3.67 9333
17 1,066,311 3.68

14,129
20 1,080,440 3.79
VA 1,082,117 389 168
» 1,109,061 393 24
2 1,131,160 402 2,099
32 1,137,563 408 6,408
Bs) 1,158 754 416 21191
k3] 1,174,001 422 15,337

crv U Q1A H H[-E Ol =4H[E (me)

1,057

1,062

Fig. 9 Cost according to personnel and CTV

Table 6 [400 MW]Cost change according to personnel and

CTV change
L. Total losses change in Total
Division (k€) loseese
k€)
4 1,089,149 20505
Per 3 1,063644 :
Z;)n 15| CIV 5 1,056,700 11,934
1 1,033,747 22,963
Pe 4 1,096,075 29,764
s 3 1,066,311
on 7 cv 2 1,061,591 4720
el 1 1,049,159 12432
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