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Problem Identification
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Engineering

New Generation Offshore Wind Farms

= Moving far offshore (>50 nautical miles)
= Occupying larger area

= Very long transit time

= Limited actual productive time

= Long reaction time to failures

= Increasing downtimes

= Very high O&M/MWh costs
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Potential Solutions

= Design and build advanced vessels

= [ncrease the size of O&M fleets

= Build O&M ports on islands

= |[nstall a fixed offshore platform

= Purchase/charter a mothership

= Cancel the projects
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Methodology
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= Climate Dataset Generation

»Analyse Meteorological time series.

»Remove deterministic seasonal and diurnal trends in climate data

» Estimate distributions of climate data.

»Sample from the distributions ‘ —
- ‘1‘ __,_:- -

»Re-apply deterministic trends | Bk
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Methodology

= Climate Dataset Generation
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Methodology

= Climate Dataset Generation
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Failure Type
4000 - Required Repair Time - Calender
- Hours
S 3500 -
3 Required Technicians
g %% Vessel Type
§ 2500 - Cumulative or Single Repair Window
S 2000 - Global Failure
® oo | Percentage of wind farm production
impacted (%) (0-100)
10007 Percentage of turbine production
500 - impacted (%) (0-100)
0 . . . . . - [Failure Model Type
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Wind Speed ms-1!
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StrathOW-OM Methodology —
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= Accessibility and Operability

» Calculation of total calm water resistance
» Calculation of additional wave resistance
» Calculation of total resistance
»Calculation of speed loss in wavy sea

» Calculation of transit time
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StrathOW-OM Methodology —
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= Failure Analyses and Simulation

Repair Day

»Monte-Carlo Simulation

Number of CTVs
available

0

»Random Number Generation, R = !

How many CTVs Postpone the repair =
are available?

»Hazard Rate h(t) —

‘r>1
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Allocate the CTV can complete the

At repair in 1 shift?
R>(1=h(D) g5 O -
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Allocate the CTV are in the site?
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StrathOW-OM Tool Interface
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Wind Farm Inputs |
Musnber of Turbines
B StrathOW-OM GLUI
Uniy
Strathclyde
|npUtS maint, Run Simulati Glasgow
FrP— un simulations
o
( Excel ) Tech. Pool [ow]
3 18 Process status - updates during batch run
Tech. Pool (Night)
T 15 Define he Sty
MEAN or Total
Year 1 2
Availability -Turbine based 94.10% 93.95% 93.48%
H : Availability - No i 04.78% 04.63% 04.16%
CTV Oy
Simulations Availability - OEM 97.48% 97.50% 97.48%
(Matlab GUI) Availability - Power based 94.29% 94.16% 93.17%
ilability - Absolute 94.10% 9395% 93 48%
Jack-up Price (£/MWhr) 5000]  [Lost Revenue | 2038m| 3.03|
Power Prod ‘Support Mechanism Value(£/MWhr) 4500, |Lost Support Mechanism Revenue | 3669m| 5.46/
Lost Power | s ppore Ratio 2.00
Power Expd y Price (£/kWhr) 140|  [Lost Revenue [ s7.07m 8.50]
Fail Rate [L2ot POWET
Out p uts alrate Permanent Technician Cost (£/year) | 60, [Total Tech. Cost | es3am| 9.73|
vhne | T chnici (£/year) | 80,000,  [Total Temporary Tech. Cast | 0.55m| 0.08|
( Excel ) -1
Total Daily CTV Charter it (£ 16,000 CTV Hire Cost 64.24 m| 9.56
JEIEE CTV Fuel Cost [£/litre) 045 |CTV Fuel 1.94 m| 0.29
Run SensigCrv-3 Fixed CTV Costs (£/year) 150000  [CTV Total 67.83 m| 10.10
CTV-4
CTV-5 Helicopter Fuel Cost (£/litre) I 1.20]  [Heli Fuel Cost | 2.64m| 0.39
V-6 Fixed Helicopter Cost (£/year) | 1000000 [HeliTotal | 136am| 2.03
o7
Costs e < T FSV Day Rate (£) 0|  [Fsv ire cost 0.00m 0.00
FSV Mobilisation Cost (£) 0| |Fsvmob cost 0.00m 0.00
(Excel) 8 CIV-9 1 Fsv Fuel Cost (£/hr) 000| [PV Fuel Cost 0.00m 0.00
v-10 Fixed FSV Costs (£/year) o] [FsvTotal 0.00 m 0.00]
Cv-11
CTV-12 | Jack Up Day Rate (£) 80,000 [Jack Up Hire Cost 67.50 m| 10.05
Tv.1z | Jackup Cost (£) 500,000|  |Jack Up Mob Cost 7.90 m| 1.18
CTv.ia | lack Up Fuel Cost (€/litre) 030 |Jack Up Fuel Cost 0.06m 0.01
p Costs (£/year) ; ;
CTv1s | Fixedlack Up Costs 0|  [tack Up Total 75.46 m| 11.24
| Day Rate (£) 10,000]  [Mothership Hire Cost 13.53 m| 2.01
Mothership Mobilisation Cost (£) 0|  |Mothership Mob Cost 0.00m 0.00
| Fuel Cost o.o_o| | Fuel Cost 0.00m| 0.00
Fixed Costs (£/year) 2,000,000 | p Total 35.53 m| 5.29
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CaS e St u d y University of
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= A fixed accommodation platform concept (A)
= A floating hotel mothership concept (B)

= A pro-active mothership concept (C)

(A)
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Case Study -

Strathclyde
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No Configuration Charter Type SI(/tI?J';[th K;Ir(])ar:th Period CDrzl#tghter No Configuration Charter Type ,S\;gﬁth lf/ilrclJanIth Period cDr?j#tghter

1 No mothership N/A N/A N/A N/A N/A - - - - - -

2 Fixed platform N/A N/A N/A 25years N/A - - - - - -

3 With mothership  Continuous  N/A N/A 25years N/A 12  With mothership  Continuous  N/A N/A 25years 3

4 With mothership ~ Seasonal Jan Jun 6 months N/A 13  With mothership  Seasonal Jan Jun 6 months 3

5  With mothership  Seasonal Apr Sep 6 months N/A 14  With mothership  Seasonal Apr Sep 6 months 3

6  With mothership  Seasonal Jul Dec 6 months N/A 15 With mothership  Seasonal Jul Dec 6 months 3

7  With mothership  Seasonal Oct Mar 6 months N/A 16 With mothership  Seasonal Oct Mar 6 months 3

8  With mothership  Seasonal Jan Mar 3 months N/A 17 With mothership  Seasonal Jan Mar 3 months 3

9  With mothership  Seasonal Apr Jun 3 months N/A 18 With mothership  Seasonal Apr Jun 3 months 3

10 With mothership ~ Seasonal Jul Sep 3 months N/A 19 With mothership  Seasonal Jul Sep 3 months 3

11 With mothership  Seasonal Oct Dec 3 months N/A 20 With mothership  Seasonal Oct Dec 3 months 3
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Results
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= Monte-Carlo convergence requires hundreds to thousands of runs of the
simulator, which can take several hours.

= |n order to allow quick decisions and automated optimisation, we need a
continuous function approximation of the simulator’s response.

= Hence we have developed such a model. We call it the “emulator” of the
simulator.

= Emulator does not try to represent the internal state of the real world
phenomenon, and instead tries to replicate the input-output behaviour.
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Emulator for StrathOW-OM

Strathclyde

Engineering

= The emulator “learns” from a given set of simulation results.

= Essentially it is a mixture of interpolation, multivariate approximation (using
neural network), and decision tree.

= Decision trees are needed because of non-numerical (ordinal) variables.
= Neural Networks learn the mapping of numerical (cardinal) variables.

Training Set
(Pre-Computed
Runs of Simulator)

Decision Tree +
Meural Networks

Decisions
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Ordinal Variables in the Emulator ;ge
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Web Interface to Emulator
W emetor Query - R & -~ e

| (' %] 127.0.01/cgi-bin/rcgitcl/formgen.R
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Emulator Query
Output Variable
Lost Power (KWhr) -
Input Variables
CTV Tech. Maintenance  Helicopter Jack-up Chart SCh_'::“IEd Start Shift Helicopter FSV Jack-up
Schedule Usage ack-up = ;l::.thenance Start Flying Hour Charter charter
Either corrective maint. or Strateqgy - Fix on Fail
b 6.5 550 10 25
scheduled maint. = Fixed Charter Aer
. Strategy -
Scheduled t. afte
Eauled maint, arer Yes Purchase Lifetime Jul 7.5 650 15 30
carrective maint,
Charter
) Strategy -
Scheduled t. OMLY
SdLied mant. X No Purchaselifetime ul 85 0 21 35
after corrective maint.
Charter
Schedu.led ma.|r1t. after Yes |Strategy - Fix on Eail| = | Jan 9.25 675 37 44
carrective maint.
Choose
Strateqy - Fix on Fail Fixed Charter
Add Row Strateqy - Purchase/Lifetime Charter

Subhmit

=
rEmuIator Result x + = | (el

| € | @ 127.001/emulator_responses/fdT9aac3-400b-3e42-bb13-4fb112559 c2b.himnl v &||Q search B ¥ AQ =
CTW.Tech..Maintenance.Schedule + HelicopterUsages Jack.up.Charter = 5ch ints Start.Month % Shift.5tarts Helicopter.Flying.Hour 5 FS5V.Charters Jack.up.charters Lost.Power.kVWWhr. %
Either corrective maint. or scheduled maint. es Strategy - Fix on Fail Fixed Charter Apr 6.5 550 10 25 B87358447 311383
Scheduled maint. after corrective maint. Wes Strategy - Purchase/Lifetime Charter Jul 75 650 15 30 507280992.721832
Scheduled maint. ONLY after corrective maint. No Strateqy - Purchase/Lifetime Charter Jul 8.5 o a | 35 104373299.516843

Scheduled maint. after corrective maint. es Strategy - Fix on Fail Fixed Charter Jan 525 675 27 22 T34733331 452885
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= Mothership concepts can bring a considerable advantage when th SZEEE N

between offshore wind farm and port is long (>50 nautical miles).

= Fixed platforms can be considered in shallow waters; however, for deeper
waters, mothership concepts are expected to be considered in offshore wind
O&M fleets.

= Mothership concepts increase winter availability more than summer
availability. If a mothership is not chartered for winter, productive period is
expected to be significantly short.

= The most favourable alternative is significantly dependent on the climate,
distance, water depth, failure rates, CTV fleet size, turbine capacity and
wind farm size. Therefore each case should be investigated individually.
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