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ffshore O&M overview (1)

O ¢

2 4iE "%ﬂé’@% {EEE v
O&M Experience to date.. ).qilzj: ?ﬁj:

Onshore Offshore

KHART I FH ~97% 2

LT Availability
BTG A | ~€30k (/4F) o
O&M Costs (machine/annum) )

i _ERALIBAT KU

Offshore Operational Risks:

Poor accessibility => low availability

‘A (HHUHAHED

Higher costs (than anticipated)
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Offshore O&M overview (2)

.’??ik%?gﬁﬁ%_‘%%% I‘Eﬂ@ Some key questions facing the industry
.%E'Ifﬁ:%l]_\_[k_jz: Banks and Owners:

*FHORIFA MR HIBEZR probabity of warranty faire 2

“FEFH ORI Z 5 XU FE 33 ) AT ) FH 3 wina farm avaitabiy after warany period 2

AEBAT XY ENVIR L IESE T D ? s tworh investing more/less n 0&M resource 2
IBATHIYET AR R / R LHIIE B oam contractors s Turbine Manufacturers:

*IBATINYE SRS R 15 I A 1H IR B A A R K7

Is our O&M strategy adequate to meet warranted availability level ?

° ii_“:'/fﬁ:%[] éﬁ?h’é’ Iﬁ,] B‘]'fﬂ{g%g //l\ ? What is the value of our O&M contract ?
< EREHIE AT XU ?

How should the Operational Risks be divided ?

CARRAD |
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ffshore O&M Activities

%ﬁﬁ é&*}h Scheduled maintenance
- RILRASH124 A (80— 120 AR

Shift towards 12 month frequency (80 - 120 man hours)
\ \:[: Y
- RE. BEEES
Inspection, cleaning, etc

1& ﬂ‘_ﬁiﬂk Repair operations
- —RRAEG B I T B SR A

Usually conducted on an ad hoc or reactive basis

- W RFEMIEE KRR

Involve some level of trouble shooting

- \NFENE 5 25 # L2

From manual restarts to major component change-out

¢ %ﬁ:%@ Spares management

O ¢
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Access methods (1)
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Access methods (2)
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Modelling Offshore O&M
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Background and Motivation
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Offshore O&M Simulation

« %P S

Example Applications
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Background and Motivation

o BEARMLECYHEE EXBLIZITRIZES B — SRR T 1 ) e

Access makes offshore O&M a tricky problem

o BHFKRT it EE s TR
An O&M modelling tool has been developed to:
@Lﬂ Eﬁ,i%j‘%um $ ﬁi Predict offshore wind farm availability
'ﬁl:'f’t ﬁ‘ﬂl éﬁjﬁh % HI% Optimise O&M strategies
E&Iﬁﬁ ‘—‘ /—‘ }_L Bﬁ Bﬁﬂ% Improve understanding of operational risks

 PlBossanyi and Strowbridge TAENHKIE

Closely based on work of Bossanyi and Strowbridge
(ETSU 1994)

- THApsAN02M “BIT MY mi”

Model dubbed 0O2M,“Optimisation of Operations & Maintenance”




ﬁ

02MZ5 14

O2M Structure
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Inputs: Environment

- PRI (A RA 1)

Wave time series, if available

« M—IRK R

Wind — wave relationship
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Inputs: Project Description

< R L/

A L H [ 7
[/
[/

No. turbines on each site

i A e 55 3

Stores and service locations

LB + 2T E I [H]

Mobilisation + Travel times

LT XL EBEITTH

LT energy prediction

- (EETHIH)

(seasonal breakdown)
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Inputs: O&M Resources

* N\ 5 sufing

B IE R G sirsystem

y ﬂ}l}/l:{ ﬁ%jj Vessel capability

* B A5 PEAF spres notang

o B A B 34 somves teac imes
* PRI IZ B vecison ogic

1noe
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Inputs: Turbine Reliability

* 2 SRR IR

Define several failure categories

WP REANHIRERAY, E X

For each category define

* MR R AP [E] e (MTBF)

Mean Time Between Failure (MTBF)

© FRYBEIE (MTTR)

Mean Time To Repair (MTTR)

-« HFRIESK

Spares requirement

* WA A\ 1) 615

Example schedule of faults:

00E

IR pescripTion MTBF (HRS) MTTR (HRS)

T | FENES venualrestart 4000 >
2 | EEH/NIEBAE sma component change-out 2500 8

3 | EEEBAHIBE IR vejor component repair 15000 30
4| EEBAERE S weiorcomponertorangeon 5000 45

e GARRAD |




%Z‘]Eé ﬁi Wave Synthesis
.i":ﬁﬁ)\ H‘j‘}_‘? Input time series ED

¢ ‘lg%ig'faj [H‘/E?ﬁ Fast Fourier Transform (FFT) f ,;
¢ ﬁﬁg 9 @4% Wave Spectrum, includes
¢ é%'fﬁ*ﬁﬁ[ﬁ% Seasonal phasing E

¢ ‘2@ ?&*ﬁﬁiﬁﬂ % Tidal phasing
.iﬁ,f@j D‘I_‘/Ejﬁ Inverse FFT
.%}EEF)?% H@ H‘T}?ﬁ)ﬁ Synthesised time series of desired length

I

b LNVEEL>

STANDARD SPECTRUM

Sig. wave height

Amplitude
| Sig. wave height

WY

.lmm.lnh
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Operations Simulation

UM ARG, BATNAE L /T

Hourly time step, run for N years E
FERAI TP

BB (B ER) e L

(Monte Carlo)

o HHRLBNAE actons [/ /
« JREFH stotus update
- mm Turbines
— THEA crons
- %B’ﬁ: Parts
y %%ﬁﬁtﬂ Results recorded

CARRAD |
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A FI R avaitaviity
<R HEM AR K R

Production and Lost Production

A BRI A

Costs, resource and spares usage

%t 1) E TR T

Example output plot

i&)\ IE_FIX& H‘T B@ }EE Access double-

whammy

(14 A »
® $:@, }% ﬁﬁ “Lucky” periods
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e CARRAT
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- §E1§IJ Example Applications ( ]. )

° LT m‘*u% % ?ﬁi/‘l-‘ + Eﬁ !@‘I\iﬁ*ﬁ LT Availability Estimation + Sensitivity Study
° ﬁﬁj)\ﬁ%{g Input Assumptions

* 100N AWML x 3MW @ 36% AEZRE (C9n/s)

100 turbines x SMW @ 36% cap factor (~9m/s)

6 TAE4H, 8 I#3E, 5 R/

6 crews, 8 hour shift, 5 days/week

CIBAT+iEMm IR =2/

mobilisation + transit time = 2 hours

« BiAfREST: Hs<2. Om, XiH<15m/s

Access capability: Hs < 2.0m, wind speed < 15 m/s
cEPHIBIRSR (ATEEMHE=81%)
Moderate wave climate (accessibility = 81 %)
* &5 B FIMTBF = 1357/Nif
Central overall MTBF = 1357 hours
iR DESCRIPTION MTBF (HRS) MTTR (HRS)
1| F3E B Manual restart 4000 2
2| B pER 2500 8
Small component change-out
3| B EE WA 15000 30
Major component repair
4| EHEERTE 50000 45 .
Major component change-out e —— e

Availability (%)

100

95

90

FERTF=92.4%

Central estimate = 92.4%

80

"/

1000

1400 1800
Overall MTBF (hours)

2200

CARRAD |
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Example Applications (2)

SEATRIGEHIRAL o

O&M Optimisation = Lost Production Cost

BITMAEPF HIEERAE ——=

+ KK EHE .
R B 0
— Eé' }&ZX 50 \

0&M Dt;ct Costs % 70 \\9_/
+ Lost Production Cost ;5060 //
(<o

= Total Cost 250 \ /
&
& 30
o \
10 - \\
0 i T T
70% 75% 80% 85% 90% 95% 100%

Wind Farm Avalebiky
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Recap

i BRI is AT MY MBS : AT REAME 4 A

Offshore O&M Risks: Access + Costs

*02MZE . Wi, Monte Carlo, 5%

O2M Structure: Time domain, Monte Carlo, etc

- 7 5 )

Example Applications

* LT AJHFHZER raaiaiy

BURPE T sensitviy studies

Z=HT ST seasonal Anaiyses

T AL scenario Modeing

AT 585311 /384T FIYEFF HIDEAL cost menetit anaiyses / 08M optimisation
e e T

= ol HASSAN
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Offshore Operations and Maintenance Modelling Exercise
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Introduction

Zj@ }j The Game
© “ORMIBAT AT PR

“O&M Optimisation challenge”

A RMPERIZR ]

A team exercise (with prizes at stake!)

© Hip: ARG T RYgED K A

Aim: Optimise O&M costs for Wind Farm X

© 5 ARAAEIA — 2 ik

5 rounds of optimisation — multiple choice

) R[gs‘uﬁ%d%': n%id jll/(Ei rjezullt%z H
%jrl_, ljlu The Rules
AL T KU Rk

Wind farm description provided

© M TR IT IR I o

Strategic options outlined at the start of each round

AR RS ORI BULE 1]

Financial penalties accrued for non optimal choices

AR T B D HIBMELER M

Team with least penalties wins !
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Introducing Wind Farm X

¢ 100X 3MWXHL

100 x 3 MW turbines

« 5N LAEAH, 8/MI#EE

5 crews, 8hr (day) shift

.« 3N

3 technicians per crew

« 6. 5 ke / KL/

6.5 failures / turbine / year

o FEVRIREMEGEAN = 77% @ Hs < 1. 2m)

Moderate wave climate
(access =77% @ Hs < 1.2m)

.....
.........
___________
++++++++
...........
...........
..........
,,,,,,,,,,,
.....
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Round 1: Which Port ?
Port A

Ll
-4}

I

The Options

HAtf5 R

WA 2/ EERE, TCHEN% BRI

Port A: 2 hours transit, no tidal constraints

HELIB: 1. 5/DEFEEFE, 21.6/hA/H

Port B: 1.5 hours transit, 21.6 hrs / day tidal access

WEOIC: INET AR, 19. 3/hi/H #1% IR
Port C: 1 hour transit, 19.3 hrs / day tidal access

Other information

34~k e A T T #R AR TR Y

All 3 ports are equal in all other respects

i % [ SR

Things to consider

BEAE AN %7 PR AR A 2 BE K 2

Is distance to site more crucial than tidal ¢

% B

onstraints ?

--------
=

...........
1111111111
...........
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Round 1: Results

AV = A tAvailability
DC = H¥ERiADirect Costs
LP = KHEE#HKLost Production
TC = M@ATotal Cost (DC+LP)
BTG

All costs in Euro 000s / turb / annum

%Zgﬁ“& BASIC ASSUMPTIONS
1% 2

oz

&>~ A: 2hrs transit,

Q
R1 24hr tidal access
Port AV =956 % DC=121.6

LP =555.1

TC =676.7

21.6hr tidal access
AV =951% DC=1215
LP=626.5 TC =748.0

C: 1hr transit,
19.3hr tidal access
AV =9599% DC=121.7
LP =5285CTC=650.2 D

24 /NE B AR
24/ I

1. 54NN AR
21. 6/NIERY

14NN R AR
19. 37N EH W
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Round 2: How many crews ?
iZH@IDEJ: The Options

¢ 4/|\ I'flﬁgﬁ 4 crews

® 5/I\I'ﬁ52ﬂ ( —'_?‘ﬁﬁﬁ B@?}ﬁ%—ﬁé) 5 crews (same as previous round)
® 6/|\I1’EZE 6 crews

¢ 7/|\I1’EZE 7 crews

E'f&'f%,@x Other information
« TR TAEAEMFE R RIEHE T TIE (53D

All crews are working on same (day) shift

o AT AEZH PR 540, O00FKJT/4E

Each crew costs € 540,000 / annum

%E%I’E H@%‘I%“ Things to consider
« MPRBEEEFERMZ D TIENR?

How much will additional crews increase repair rates ?

IR R A I A 2 A
Is the increased repair rate worth additional costs ? T e




AV = Availability
DC = Direct Costs

LP = Lost Production

/, 2 Q_—[: TC = Total Cost (DC+LP)
'f NLS £ All costs in Euro 000s / turb / annum

Round 2: Results

e(\'o\\ A: 4 crews D: 7 crews
R2 &7 Av=954% DC = 115.2% AV = 96.1 % DC = 134.7
Crews | |p-s5832 TC=6984 || LP=5285 TC=6502 || LP=5153 TC=6434 || LP=493.1 (TC=6276 P
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Round 3: Shift pattern ?

:‘sz'_ﬁ_lﬁ The Options
» A: IETAEANRBRETE (5MNETHERA )

A: All crews on day shift (same as previous round)

* B: MM TAEARRBYE, 3PREIE

B: 4 crews on day shift, 3 crews on late shift

» C: 2NERYE, 3NFERYE, 2P EWRIE

C: 2 on early shift, 3 on day shift, 2 on late shift

A (1 shift)

B (2 shifts)

E'fﬁ%;@\ C (3 shifts)

Other information

0 100 200 300 400 500

%g%g B‘]%‘l‘% Average technician cost (Euro 000s / annum)

Things to consider

358 00 B HIE VX B B8 4T A Y R AR A ) 2

Do additional shifts allow better utilisation of weather windows ?
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Round 3: Results

ZE S

3 A: 1 Shift
(\6
\Féﬁifts ZrAV = 96.1 % DC = 134.7°¢
LP =493.1 TC=627.6

AV = Availability
DC = Direct Costs

LP = Lost Production
TC = Total Cost (DC+LP)
All costs in Euro 000s / turb / annum

AV =97.2 % DC = 159.0
LP =347.9 TC =507.0

C: 3 Shifts
AV =97.5% DC =190.5
]
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Round 4: Which vessels ?

1T :

The Options

« A: OPEX =€ 200,000/ 4E, Hs FR#l: < 1.2m

A: OPEX =€ 200,000 / annum, Hs limit: < 1.2m

« B: OPEX = € 500,000 / £, Hs FR&l: < 1.5m

B: OPEX =€ 500,000 / annum, Hs limit: < 1.5m

« C: OPEX =€ 1,000,000/ 4, Hs FR&l: < 1.8m

C: OPEX =€ 1,000,000 / annum, Hs limit: < 1.8m

HAbE B

Other information

o THEAME: A=77%,B =85%, C=91%

Accessibility: A=77%, B =85%, C=91%

i 225 g I 24

Things to consider

« — SN IEARE 0 REMERZ D ?

How much is an extra few % of accessibility worth ?
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Round 4: Results

AV = Availability
DC = Direct Costs

LP = Lost Production
TC = Total Cost (DC+LP)
All costs in Euro 000s / turb / annum

A\
//%.th

LP=2971 TC =487.7

B: Hs < 1.5m,
€ 500,000/ annum
AV =97.8 % DC =201.0
LP =262.7 CTC =463.7

C: Hs <1.8m,

€ 1,000,000 / annum
AV =97.9% DC =218.8
LP=253.3 TC=472.1
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Round 5: Reliability profile (turbine choice) ?

IR

The Options

- A: HRTFIIER

A: Elimination of manual restarts

« B: FRERFEIAFE B

B: Elimination of major component change-out

HoAlfE B

Other information

o URILAE PRI PN pey A0 15 213 2 1 (5 B

You now have better info from 2 candidate suppliers

- — M REOIRITEFER B D)

One offers improved redundancy and remote restarts

o HAw AR 3 B A A BE SR A A R AL

The other offers life-time guarantee on major change-outs

i 22 5 8 ) E

Things to consider

« WNEEESSH; L RANAE?

Which are more costly overall; small frequent problems ?

o B KHIF LA ?

...or large infrequent problems ?




AV = Availability
DC = Direct Costs

LP = Lost Production

. TC =Total C DC+LP
RO u n d 5 . ReS U ItS All costzt?n Ezfct (000;-/tu)rb / annum

: Eliminate manual B: Eliminate major
R5 restarts e change-outs -_—
Turbines.——— AV =98.0 % DC =199.5 AV =98.6 % DC = 169.1
______--——-"'_ LP =2422 TC=4416 LP=168.1 CTC=337.2 D




ﬁ

£ HH R X B 37 ) IE AT AN 4E 37 ) SRS

7
Resultant O&M strategy for Wind Farm X

° {% l:] C'ﬂ;ﬁﬂa%%fm Port C as service base
- %i& ( @%'}%ﬁﬂ‘?ﬁ BE%’J ) Closest, albeit with tidal constraints

° 7/|\I{/E/J\2H‘ 7 Crews
- RRKABERN - MR EZHNASREMSA?

Maximum of options examined — what about more crews ?

o 3PEH|RD 5 shift system
— S EIY BRI 5 2 B R HE I R R A EE

More shifts makes sense when you have tidal constraints

o BEAMR . PEMER, PEMGE
Access vessel: medium expenditure, medium capability

- EPEFRBIR K F B ER T ARE

In moderate wave climates further investment is not required

WHLATFEME . HRER 3 2R ) BE

Turbine reliability: elimination of major change-outs

- EPFRIRARSEH T RA R XK

This makes sense in a moderate wave climates
_ I ae =] 4=
e RE/RIAT?

Is this an O_pt_ign_in_r_ea_“t_y? e

CARRAD |
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Interesting trends

Availability (%)

99.0

O Availability m Total Cost (Lost Prod plus Direct Costs)

700

98.5 -

98.0

97.5

97.0 -

96.5 -

96.0 -

95.5

95.0

94.5

R1 R2 R3 R4

- 600

- 500

- 400

- 300

- 200

- 100

Total Cost (Euro 000s / turbine / annum)

Cost (Euro 000s / turbine / annum)

600

O Lost Production

O Direct Costs

500

400 -

300 -

200

100 -

0

R1

R5
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Conclusions

o XANGIRSPMME..... . — D TERFESRHI TS LT

The game was a stage-by-stage optimisation...........
.............. a full multi-dimensional analysis would be better

-Eﬁ%ﬁﬁﬁ%%ﬁA%@ﬁiﬂ%E%%@ﬁ ...... HE|—FE
X!

Greater O&M investment pays-off for offshore projects........
............ up to a point !

o IBATANGED Y 1R LR AR E ] T SRR PP

O&M issues are difficult to predict “on the back of an envelope”

© N T T IRRBS AR T

Modelling is required to understand the risks

« DA T F 3Rk AME TS @47 YRS 1 97 22 8] B~ 1

Optimisation is about balancing O&M spend against downtime

PR IS5 RAK IE ey e B 2 A

All results are highly site-specific

o ARSAER XML AT FE M SR B AR e

Climatic conditions and turbine reliability drive performance

= ; CARRAD |
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