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3 Jacket ~70 m~ ~25x 60 m 700-900 t
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Corrosion costs

Corrosion protection costs Corrosion damage costs
(planned costs) (unplanned costs)

Manufacturing Primary costs Secondary costs
costs : o
B Replacement B Unserviceablility
B Unplanned (Power delivery)
repairs
Ref = Korrosion und Komosi hutz, Wiley-VCH, Weinheim, 2001
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Main shaft bearing
Gearbox

X " Control unit
Brake

. Cooling and
. ventilation system

L | Tower, hub
! | Stairs, doors

Monopile internal
Grit connection

| Transition piece
' Boatlanding
o%  Jtubes
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Types of fouling Types of corrosion
3
3 Severe corrosion
:-----u-\--u---- Sp'ash zZone
Seaweed Tidal zone
Accelerated low water
|
Mussels - corrosion (ALWC)
Hydroids Local corrosion under
cluster of mussels
Large cluster | o .
i ocal corrosion
under soil

-~

2
n/é Nacelle

Corrosivity sensor

Tower / Hub
Coating sensor (EIS)

Transition piece/J-tube
Coating sensor (EIS)

Monopile external
Biofouling sensor/
Biocorrosion sensor

Biocorrosion sensor

‘ Monopile internal

| Credit :TNO

B 5:arAh 4 3T MR R EEPIH
WAL FTRRERBERIN LA PG BRARERE BEZZ
BHBHT AC LR E bk A2 PR 2P FREREE
FHACE] 5 AT e
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Average O&M Cost per Turbine
1500 kW, variable speed, electric pitch, 80-m hub height, 60 MW Project Size
Includes levelized replacement costs
60000
% 50000 + == -===-=---eememme—eeemeememee o --
£
5 40000 4 oo -
@
] 30000 4+ -------------FN- - - - - - --
Q
0
> 20000 - —- ===~~~ -~ -— - - --
g
2 10000 +--4 ___f------ - - - -- - --
0
Average yr 1-5 | Average yr6-10 | Awgyr11-15 Avg yr 16-20
m Equipment 600 600 600 600
m Site Maintenance 353 353 353 353
m Wage-based Labor I 4633 5897 6739
O Salaried Labor 5231 5231 5231 5231
m Consumables 2348 2348 2348 2348
m Parts Replacement 6333 18588 29695 36154
(Hardware, Addt1 Labor,
Crane)
Period

@62*ﬂ@ﬁﬁ%g%fﬁﬁﬁﬁiié@ﬁﬁﬁﬁﬁ$iﬁ$
Ed WrEega vt B aE o o n S ke E B LA
38% ~ F WA E L Er KAk 23% ~ B2 S G Ak 21% > R E R bR % ik
6% ~ 3] & ik 5% ~ Ak b 3% T4 E T 4k SLih 2% ~ SRdS kLR
o b 1% bR B RBCETEEF R ARY AR R
FEE AR E > KR ARG FF o AR T AT o
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Parts Costs, by System, 20 Year Total

(Includes levelized replacement costs)

1500 kW, 60 MW Project Size, Variable Speed, Electric Pitch

@ Brakes & Hydraulics
O Electrical and Grid
W Misc. (All others)

m Control System
W Gearbox and Lube
0 Rotor

0 Drivetrain
@ Generator and Cooling

M Yaw System

Brakes & Hydraulics

m Yaw System
3%

5%

Rotor
21%

Misc. (All others)
1%

Generator and Cooling
23%

Control System

Drivetrain

Electrical and Grid
2%

Gearbox and Lube

Bl 7 el B4
RAERERE

IR E2 T ioa &
B2y d Ak 5 T35

LR L nd b S

PR PE e A vt
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Jo Ak B S P s
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120
: \ - - -Break down — - Cyclic ~—— Reliability based
100 « : :
: ! 3
ESO = } 3 =
E \\ N N o
£ 60 ' —— =
m ¥
g 40 i
: \\ :
= 20 - .
0 . . . pae it
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0,6 0,8 1 1,2
time / MTBF [-]
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SANDIA -Wind Turbine Reliability Database U.S.
NERC -Generating Availability Data System U.S
NREL -Gearbox Reliability Collaborative U.S
WMEP Database Europe
The Reliawind Project Europe
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Bolt joint is healthy Bolt joint’s integrity
is degraded
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